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(54) Method for producing L-lysine 

(57) A coryneform bacterium harboring an aspar- 
tokinase in which feedback inhibition by L-lysine and L- 
threonine is substantially desensitized, and comprising 
an enhanced DNA sequence coding for a dihydrodipi- 
colinate reductase, an enhanced DNA sequence coding 
for dihydropicolinate reductase, an enhance DNA 
sequence coding for dihydropicolinate synthase, an 
enhanced DNA sequence coding for diaminopimelate 
decarboxylase and an enhanced DNA sequence coding 
for aspartate aminotransferase: a method for producing 
L-lysine comprising the steps of cultivating the coryne- 
form bacterium in an appropriate medium to allow L- 
lysine to be produced and accumulated in a culture of 
the bacterium, and collecting L-lysine from the culture, 
and a recombinant DNA usable for production of the 
coryneform bacterium. 
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Description 

BACKGROUND OF THE INVENTION 



f v .nnT ^ ^I 6 ^ rel3teS t0 3 mSth0d for P roducin 9 lysine by cuffvating a microorganism obtained by modi 

L-Lysine. which is used as a fodder additive, is usually produced bv a ff>rm 0 nta«„ Q m =.i i k ■ , , 

producing mutant strain belonging to the coryneform b£££ VaS ^ZZo^aT^i IT 8 an , L,yS,ne - 
are those created by artificial mutation starting from wi.d type stxatnsTe^^ * ^ 

r- ?h C ° rynef0fm baCteria ' thSre 3re diSC,OSed 3 vector P ,asmid ^ autonorouZSte in bacteria, 
cells and has a drug resistance marker gene (see United States Patent No a bacterial 

a gene into bacteria. ce..s (for examp.e. Japanese P^mSSS^^^'^^^ H^T^J, 

inhih^ r Zym ^ participatin 9 in L *'y sine biosynthesis, a case is known for an enzyme which undergoes feedback 
pie. an aspartokinase gene (International Publication Pamphlet of WO 94/25605) 



SUMMARY OF THE INVFNTIOM 
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S-^To a s WR- I^SSZ : efe " M 1 3S ^ " "~~"»- -W-odWco.ina^SS 'Sate 

d^^ and^n ^ " ^ '"^ * ^ «" *<«>™° is 

Namely, the present invention provides a recombinant DNA autonomously replicable in cells of coryneform bacte- 
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ria. comprising a DNA sequence coding for an aspartokinase in which feedback inhibition by (.-lysine and L-threonine 
.s substant« y desensitized, a DNA sequence coding for a dihydrodipicolinate reductase, a DNA sequence cotfra for 

5 taJ? T 0,h h e Kv SPe ! , • Tf Pr6Sent inVemi0n Pr0Vid6S 8 corvnef ° rm bacterium harboring an aspartokinase in which 
feedback .nhibition by L-lys,ne and L-threonine is substantially desensitized, and comprising ^n enhanced DNA 
sequence coding for a d.hydrodipico.inate reductase, an enhanced DNA sequence coding for dihydropico^ 
ase an enhance DNA sequence coding for dihydropicolinate synthase, an enhanced DNA sJaueZT^na t, 2£ 
nop.me.a e decarboxylase and an enhanced DNA sequence coding for aspartate aminotransTe^sT ' 

>o in st.ll another aspect, the present invention provides a method for producing L-lysine comprising the steps of cul 
Z Sum C 7 n efo ; m H bac1eria ***ed above in an appropriate medium, to aHo^ne 5 be p^uc£ 

and accumulated in a culture of the bacterium, and collecting L-lysine from the culture Produced 

ID N o \r^ZTo< Tn^n^ °° din8 ,W 3 Pr ° tein COmpriSin9 an amin ° acid se " uen <* «ho«n in SEQ 

anH P 16 P K reS f nt invention '"^^ P rovid es a vector pVK7, which is autonomously replicable in cells of Escherichia coli 
and Brev.bacten..mlactof P rmPnt.,m, and comprising a multiple cloning site and jacT Escherichia cpl, 

mo , f' y " e,orm bacteria referred to j " the present invention are a group of microorganisms as defined in Beroevs 
M ^"^'^Dy^nativPRartPrinl^y 8th ed., p. 59? ( 19 74). which are aerobic Onml^ ^SS^S^ 
» mg no spare-forming ability. The coryneform bacteria include bacteria belonging to the genus cZnS^T ^Z 
na belonging to the genus Brevibacterium having been hitherto classified into L genus ftlSSSSSSS 
bacteria be tanging to the genus Corvnebacteri, .m at present, and bacteria betonging to the genus B fSSuS 
closely relative to bacteria belonging to the genus CorvnebactPrh.m 9 Brjsyjraae^um 

^ According to the present invention, the L-lysine productivity of coryneform bacteria can be improved. 
BRIEF EXPLANATION QF THF DRAWING 

Fig. 1 illustrates a process of construction of plasmids p399AK9B and P 399AKYB comprising mutant IvsC 
Fig. 2 . ustrates a process of construction of a plasmid pDPRB comprising dapB and Brevi -ori 
Fig. 3 . ustrates a process of construction of a plasmid pDPSB comprising dapA and Brevi -ori' 
Fig. 4 .llustrates a process of construction of a plasmid p299LYSA comprising lysA 
F.g. 5 illustrates a process of construction of a plasmid pLYSAB comprising lysA and Brevi -ori 
F,g. 6 illustrates a process of construction of a plasmid pCRCAB comprising [ysC, dapB and Brevi -ori 
Fig. 7 illustrates a process of construction of a plasmid pCB comprising mutant lysC and daog 
Fig. 8 illustrates a process of construction of a plasmid pAB comprising dapA dacB and Brevi -ori 
Fin in TT ? 3 Pr ° CeSS °' ? nStrUCti ° n ° f 3 P ' asmid pCAB com P^ing mutant lysC. dapA. dapB. and Brevi -ori 
Br J ori 3 Pr0C6SS C ° nStruCti0n ° f a p,asmid * CABL comprWng mutant ly^T^t^B, 
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Fig. u illustrates a process of construction of novel cloning vectors for Coryneform bacteria. pVK6 and pVK7 
Fig. 12 illustrates a process of construction of a plasmid pOm comprising asoC 
Fig. 13 illustrates two ORFs on an ATCC 13869 chromosomal DNA fragment. 
Fig. 14 illustrates a process of construction of pORFl . 

DETAILED DESCRIPTION OF THE INVENTION 

Hi Preparation of genes for l.-lvsine biosynthesis usarf for th » p^nt invent ion 

^nl^lT ^ ^" ,ySine btos y nthesis used in the P^sent invention are obtained respectively by preparing chromo- 
theTl « A T 3 aCteriUm 33 3 ° NA d0n0r ' chromosomal DNA HbraTy by J* 

7 3 K Stra,n harb ° ring 3 d6Sired 9ene " and recoverin 9' ,rom ,he Elected strain. tLoSSSSSTkZ 
which the gene has been .nserted. The DNA donor for the gene for L-lysine biosynthesis used n the aneZ intanZn 
is no, spec.ica.ly limited provided that the desired gene for L-lysine biosyn.heJsC^ 
functions ,n cells of coryneform bacteria. However, the DNA donor is preferably a coTyneform bacterll 

All of the genes of lys£. dapA, dapB and |vsA originating from coryneform bacteria have known seouences 
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( 1 ) Preparation of mutant IvsC 

A DNA fragment containing mutant lysC can be prepared from a mutant strain in which synergistic feedback inhi- 
bition on the AK activity by L-lysine and L-threonine is substantially desensitized (International Publication Pamphlet of 
WO 94/25605). Such a mutant strain can be obtained, for example, from a group of cells originating from a wild type 
strain of a coryneform bacterium subjected to a mutation treatment by applying an ordinary mutation treatment such as 
ultraviolet irradiation and treatment with a mutating agent such as N-methyl-N'-nitro-N-nitrosoguanidine (NTG). The AK 
activity can be measured by using a method described by Miyajima. R. et al. in The Journal of Biochemistr y (1968). 
63( 2) , 139-148. The most preferred as such a mutant strain is represented by an L-lysine-producing bacterium AJ3445 
(FERM P-1944) derived by a mutation treatment from a wild type strain of Brevibacterium lactofermentum ATCC 13869 
(having its changed present name of Corvnebacterium glutamicum) . 




Alternatively, mutant IvsC is also obtainable by an in vitro mutation treatment of plasmid DNA containing wild type 
IvsC, In another aspect, information is specifically known on mutation to desensitize synergistic feedback inhibition on 
AK by L-lysine and L-threonine (International Publication Pamphlet of WO 94/25605). Accordingly, mutant lysC can be 
also prepared from wild type IvsC on the basis of the information in accordance with, for example, the site-directed 
mutagenesis method. 

A fragment comprising IvsC can be isolated from a coryneform bacterium by preparing chromosomal DNA in 
accordance with, for example, a method of Saito and Miura (H. Saito and K. Miura, Biochem. Biophvs. Acta . 72, 619 
(1963)), and amplifying !ysC in accordance with the polymerase chain reaction method (PCR; see White. T J. et al., 
Trends Genet. . 5, 185 (1989)). 

DNA primers are exemplified by single strand DNA's of 23-mer and 21-mer having nucleotide sequences shown in 
SEQ ID NOs: 1 and 2 in Sequence Listing in order to amplify, for example, a region of about 1,643 bp coding for lysC 
based on a sequence known for Corvnebacterium glutamicum (see Molecular Microbiology (1991), 5(5) . 1197-1204; 
Mol. Gen. Genet. (1 990), 224, 31 7-324). DNA can be synthesized in accordance with an ordinary method by using DNA 
synthesizer model 380B produced by Applied Biosystems and using the phosphoamidite method (see Tetrahedron Let- 
ters (1981), 22, 1859). PCR can be performed by using DNA Thermal Cycler Model PJ2000 produced by Takara Shuzo, 
and using Taq DNA polymerase in accordance with a method designated by the supplier. 

It is preferred that lysC amplified by PCR is Hgated with vector DNA autonomously replicable in cells of E. coli 
and/or coryneform bacteria to prepare recombinant DNA. and the recombinant DNA is introduced into cells of E. coli 
beforehand. Such provision makes following operations easy. The vector autonomously replicable in cells of E. coli is 
preferably a plasmid vector which is preferably autonomously replicable in cells of a host, including, for example, 
PUC19, pUCl8, pBR322, pHSG299. pHSG399. pHSG398. and RSF1010. 

When a DNA fragment having an ability to allow a plasmid to be autonomously replicable in coryneform bacteria is 
inserted into these vectors, they can be used as a shuttle vector autonomously replicable in both E coJi and coryneform 
bacteria. 

Such a shuttle vector includes the followings. Microorganisms harboring each of vectors and accession numbers in 
international deposition authorities (in parentheses) are shown. 

pHC4: Escherichia coli AJ12617 (FERM BP-3532) 

pAJ655: Esc herichia col AJ1 1882 (FERM BP-136) Corvnebacterium glutamicum SR8201 (ATCC 39135) 

pAJ1844: Escherichia coji AJ1 1883 (FERM BP- 137) Corvnebacterium glutamicum SR8202 (ATCC 39136) 

pAJ61l: Escherichia coli AJ11884 (FERM BP-138) 

pAJ31 48: Corvnebacterium glutamicum SR8203 (ATCC 391 37) 

pAJ440: Bacillus subtilis AJ11901 (FERM BP-140) 

These vectors are obtainable from the deposited microorganisms as follows. Cells collected at a logarithmic growth 
phase were lysed by using lysozyme and SDS, followed by separation from a lysate by centrifugation at 30,000 x g to 
obtain a supernatant. To the supernatant polyethylene glycol is added, followed by fractionation and purification by 
means of cesium chloride-ethidium bromide equilibrium density gradient centrifugation. 

E, cpji can be transformed by introducing a plasmid in accordance with, for example, a method of D. M. Morrison 
(Methods in Enzymology, 68, 326 (1979)) or a method in which recipient cells are treated with calcium chloride to 
increase permeability for DNA (Mandel, M. and Higa. A., J. Mol. Biol. . 52, 159 (1970)). 

Wild type lysC is obtained when IvsC is isolated from an AK wild type strain, while mutant IvsC is obtained when 
lysC is isolated from an AK mutant strain in accordance with the method as described above. 

An example of a nucleotide sequence of a DNA fragment containing wild type IvsC is shown in SEQ ID NO: 3 in 
Sequence Listing. An amino acid sequence of u-subunit of a wild type AK protein is deduced from the nucleotide 
sequence, and is shown in SEQ ID NO: 4 in Sequence Listing together with the DNA sequence. Only the amino acid 
sequence is shown in SEQ ID NO: 5. An amino acid sequence of p-subunit of the wild type AK protein is deduced from 
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the nucleotide sequence of DNA. and is shown in SEQ ID NO: 6 in Sequence Listing together with the DNA sequence. 
Only the amino acid sequence is shown in SEQ ID NO: 7. In each of the subunits. GTG is used as an initiation codon. 
and a corresponding amino acid is represented by methionine. However, this representation refers to methionine, 
valine, or formylmethionine. 

The mutant iysC used in the present invention is not specif ically limited provided that it codes for AK in which syn- 
ergistic feedback inhibition by L-lysine and L-threonine is desensitized. However, the mutant IysC is exemplif ied by one 
including mutation in which an amino acid residue corresponding to a 279th alanine residue as counted from the N-ter- 
minal is changed into an amino acid residue other than alanine and other than acidic amino acid in the a-subunit, and 
an amino acid residue corresponding to a 30th alanine residue from the N-terminal is changed into an amino acid res- 
idue other than alanine and other than acidic amino acid in the p-subunit in the amino acid sequence of the wild type 
AK. The amino acid sequence of the wild type AK specifically includes the amino acid sequence shown in SEQ ID NO: 
5 in Sequence Listing as the a-subunit, and the amino acid sequence shown in SEQ ID NO: 7 in Sequence Listing as 
the p-subunit. 

Those preferred as the amino acid residue other than alanine and other than acidic amino acid include threonine, 
arginine. cysteine, phenylalanine, proline, serine, tyrosine, and valine residues. 

The codon corresponding to an amino acid residue to be substituted is not specifically limited for its type provided 
that it codes for the amino acid residue. It is predicted that the amino acid sequence of wild type AK may slightly differ 
depending on the difference in bacterial species and bacterial strains. AK's, which have mutation based on, for exam- 
ple, substitution, deletion, or insertion of one or more amino acid residues at one or more positions irrelevant to the 
enzyme activity as described above, can be also used for the present invention. A DNA coding for AK having the spon- 
taneous mutation can be obtained by isolating a DNA which is hybridizable with, for example, the DNA having a part of 
the nucleotide sequence shown in SEQ ID NO: 3 under the stringent condition. By the "stringent condition" referred to 
herein is meant a condition under which a specific hybrid is formed, and nonspecific hybrid is not formed. It is difficult 
to clearly express the condition with numerical values. However, the condition is exemplified by a condition under which, 
nucleic acid having high homology, for example, DNA's having homology of not less than 90% are hybridized with each 
other, and nucleic acids having homology lower than the above are not hybridized with each other, or a condition of a 
temperature of from a melting out temperature (Tm) of a completely-matched hybrid to (Tm - 30)°C, preferably from Tm 
to (Tm - 20)°C and a salt concentration corresponding to 1 x SSC, preferably 0.1 x SSC. 

Other AK's, which have artificial mutation based on, for example, substitution, deletion, or insertion of other one or 
more amino acid residues, can be also used provided that no influence is substantially exerted on the AK activity, and 
on the desensitization of synergistic feedback inhibition by L-lysine and L-threonine. A DNA coding for AK having the 
artificial mutation can be obtained by modifying the nucleotide sequence to give substitution, deletion or insertion of a 
specified site by. for example, site-specific mutagenesis. Also, IvsC having the mutation can be obtained by known 
mutagen treatment. The mutagen treatment includes in vitro treatment of a DNA containing lys£ with hydroxylamine or 
the like, and treatment of microorganism harboring a DNA containing IysC with a mutagen such as ultraviolet irradiation 
or a mutagenic agent used for ordinary artificial mutagenesis such as N -methyl -N'-nitro-N-nitrosoguanidine (NTG) or 
nitric acid. After the mutagen treatment, a site to which mutation is introduced or in which mutation occurs can be deter- 
mined by selecting a DNA or a microorganism which codes for or produces AK which has the AK activity and whose 
amino acid sequence is mutated from the DNA subjected to the mutagen treatment or the microorganism subjected to 
the mutagen treatment. A site of the introduced mutation is not specifically restricted provided that no influence is sub- 
stantially exerted on the AK activity and on desensitization of feedback inhibition. A number of the introduced mutation 
varies depending on a site or a kind of the mutated amino acid in a steric structure of a protein, and is not specifically 
restricted provided that no influence is substantially exerted on the AK activity and on desensitization of feedback inhi- 
bition. The number is usually 1 to 20. preferably 1 to 10. 

An amino acid residue corresponding to the specified alanine residue in the amino acid sequence of AK having the 
mutation as described above can be easily determined by one skilled in the art. 

An AJ12691 strain obtained by introducing a mutant |ys£ plasmid p399AK9B into an AJ12036 strain (FERM BP- 
734) as a wild type strain of Brevibacterium lactofermentum has been deposited on April 10. 1992 under an accession 
number of FERM P-12918 in National Institute of Bioscience and Human Technology of Agency of Industrial Science 
and Technology of Ministry of International Trade and Industry (1-3. Higashi 1-chome, Tsukuba-shi. Ibaraki-ken, 305 
Japan), transferred to international deposition based on the Budapest Treaty on February 10. 1995, and deposited 
under an accession number of FERM BP-4999. 

(2) Preparation of dapB 

A DNA fragment containing daoB can be prepared from chromosome of a coryneform bacterium by means of PCR. 
The DNA donor is not specifically limited, however, it is exempirfied by Brevibacterium lactofermentum ATCC 13869 
strain. 
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exemplified by DNAs of 23-mers respectively *a™Z ZZZ?^ Su ° h ° NA primerS are 

Sequence Listing. Synthesis of DNA, PGR ^ SSaS^^T 0 * 8 deP,Cted SE ° '° NOs: 8 and 9 * 
in the same manner as those for bsC described Scve P ^ °° n,a,ninB ° btained can b * Performed 

to DNA fragments coding for this amino acid s^Xeo^f^T™ * " SEQ ,D NO: 1 1 ,n addi «™ 
mg for amino acid sequences substantially ■hJ^.TlfS «• DNA fragments cod- 

am.no acid sequences having mutation based oTto?ZV™,? ? sequence snown ir > SEQ ID NO: 11. namely 
acids provided that mere is no «J£££££ oTthTDDpTa'S' ^T^™"™ °< «. or more amino 
mutat,on can be obtained in the same manner as those forS ^SccSnnV ^ff 86 haV ' n9 s P ontane °^ or artificial 
ence on the AK activity and on the desensitization o ^LnemSe^ L k - T 9 which exerts "° irrf 

A transformant strain AJ13107 obtained bv intr^.T ,eed °a<* inhibition by L-lysine and L-threonine 

described later on into JL coji JM i oSS„ h2 SatT f ^ ° btained in E * a ™P'e 

number of PERM BP-51 14 in National Institute omoZTnT^l ^ f ^ M * Y 26 ' 1995 under an acce *S'°n 
and Technology of Ministry of Internationa. Tade SEErJ (i ThZI? ° f T A9enCy ° f ,ndus1rial Science 

Japan) based on the Budapest Treaty. V ( ' H ' 9ashl 1 - chom e. Tsukuba-shi, Ibaraki-ken, 305 



20 (3) Prepara tion of ria pA 



If 25 



30 



35 



40 



45 



50 



strain. owever, ,t ,s exempted by Brev.bacterium lactofermpn-m xrrr* 1?BQ0 

DNA primers are speedy exempt by ^N A i' ^S^IST ?T PC ^^e^iu7h 

amino acid sequences having mutation bas Jon S^aCe luZ^n?^™ " SE ° ,D "° 15 ' namel * 
acds provided that there is no substantial influence on tnT DDPS ^ f T S °' "s** 0 " ° f 0ne or more ami ™ 
mutation can be obtained in the same manner a^osTl^eDNA^nTiJ^J^ haVi " 9 ^"eous or artificial 
ence on the AK activity and on the desensitization o syne a?sS ftS ^ T 9 mutati0n which exerts no 
A transformant strain AJ13106 obtained byTnfrod^^ Jn! feed back inhibition by L-lysine and L-threonine. 
d e*fed later on intoB^^ 

number of PERM BP-51 13 in National Institute ofSoS^ce and Hum^f^T ^ '" 5 U " der an accession 
and Technology of Ministry of International Trade ar^Xtv n technology oi Aa ency of Industrial Science 

Japan) based on the Budapest Treaty. V ( 3l H,gashl 1 - chome - Tsukuba-shi, Ibaraki-ken. 305 

04) Prep aration nf ly e a 

The dSa donoMs 6 ^£S^^ * ST*"" bacterium «V ™ans of PGR. 
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In Example described later on, a DNA fragment containing a promoter, argS, and ivsA was used in order to 
enhance lysA. However. argS is not essential for the present invention. It is allowable to use a DNA fragment in which 
lysA is ligated just downstream from a promoter. 

A nucleotide sequence of a DNA fragment containing argS and IvsA . and an amino acid sequence deduced to be 
encoded by the nucleotide sequence are exemplified in SEQ ID NO: 18. An example of an amino acid sequence 
encoded by args is shown in SEQ ID NO: 1 9, and an example of an amino acid sequence encoded by IvsA is shown in 
SEQ ID NO: 20. In addition to DNA fragments coding for these amino acid sequences, the present invention can equiv- 
alent^ use DNA fragments coding for amino acid sequences substantially the same as the amino acid sequence shown 
in SEQ ID NO: 20, namely amino acid sequences having mutation based on, for example, substitution, deletion, or 
insertion of one or more amino acids provided that there is no substantial influence on the DDC activity. The IvsA having 
spontaneous or artificial mutation can be obtained in the same manner as those for the DNA coding for AK having muta- 
tion which exerts no influence on the AK activity and on the desensitization of synergistic feedback inhibition by L-lysine 
and L-threonine. 

(5) Preparation of aspC 

A DNA fragment containing asbC can be prepared from a gene library prepared from chromosome of a microor- 
ganism such as a coryneform bacterium and a bacterium belonging to the genus Escherichia by using complementarity 
to an auxotrophic property of an AAT-def icient strain as an indication. The DNA donor of the coryneform bacterium is 
not specifically limited, however, it is exemplified bv Brevibacterium lactofermentum ATCC 13869 strain. The DNA donor 
of the bacterium belonging to the genus Escherichia is not specifically limited, however, it is exemplified bv E. coli 
JM 109 strain. 

Specifically, a method for preparing aspC of coryneform bacteria is known (Japanese Patent Publication No. 6- 
102028) and asoC can be prepared according to this method. 

A DNA sequence coding for AAT is known for E.coli (Kuramitsu. S. et al. f J. Biochem. , 97(4) . 1259-1262 (1985)), 
on the basis of which primers for PCR can be prepared. Such DNA primers are specifically exemplified by DNA's of 20- 
mers respectively having nucleotide sequences depicted in SEQ ID NOs: 21 and 22 in Sequence Listing. Synthesis of 
DNA, PCR. and preparation of a plasmid containing obtained aspC can be performed in the same manner as those for 
IvsC described above. 

A nucleotide sequence of a DNA fragment containing aspC and an amino acid sequence deduced from the nucle- 
otide sequence are illustrated in SEQ ID NO: 23. Only the amino acid sequence is shown in SEQ ID NO: 24. Another 
nucleotide sequence of a DNA fragment containing aspC and an amino acid sequence deduced from the nucleotide 
sequence are illustrated in SEQ ID NO: 30. Only the amino acid sequence is shown in SEQ ID NO: 31. In addition to 
DNA fragments coding for this amino acid sequence, the present invention can equivalently use DNA fragments coding 
for amino acid sequences substantially the same as the amino acid sequence shown in SEQ ID NO: 24 or 31 , namely 
amino acid sequences having mutation based on, for example, substitution, deletion, or insertion of one or more amino 
acids provided that there is no substantial influence on the AAT activity The aspC having spontaneous or artificial muta- 
tion can be obtained in the same manner as those for the DNA coding for AK having mutation which exerts no influence 
on the AK activity and on the desensitization of synergistic feedback inhibition by L-lysine and L-threonine. 

The aspC having the nucleotide sequence shown in SEQ ID NO: 30 originates from Corvnebacterium lactofermen- 
tum. and has been firstly obtained according to the method described in Example 9 described below by the present 
invention. Thus, the present invention provides a DNA coding for a protein comprising the amino acid sequence shown 
in SEQ ID NO: 31. An example of the DNA includes a DNA comprising a nucleotide sequence of nucleotide number 
879 to 21 74 in a nucleotide sequence shown in SEQ ID NO: 30. 

L2) Recombinant DNA and corvneform bacterium of the present invention 

The coryneform bacterium of the present invention harbors an aspartokinase (mutant AK) in which feedback inhi- 
bition by L-lysine and L-threonine is substantially desensitized, wherein the DNA sequence coding for a dihydrodipicol- 
inate reductase, the DNA sequence coding for a dihydordipicolinate synthase, the DNA sequence coding for a 
diaminopimelate decarboxylase and the DNA coding for an aspartate aminotransferase are enhanced. 

The term "enhance" herein refers to the fact that the intracellular activity of an enzyme encoded by the DNA is 
raised by, for example, increasing the copy number of a gene, using a strong promoter, using a gene axfing for an 
enzyme having a high specific activity, or combining these means. 

The coryneform bacterium harboring the mutant AK may be those which produce the mutant aspartokinase as a 
result of mutation, or those which are transformed by introducing mutant lysC . 

Examples of the coryneform bacterium used to introduce the DNA described above include, for example, the fol- 
lowing lysine-producing wild type strains: 
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Corynebacterium acetoacirin phihim ATCC 13870; 

Corynebacterium acetoolutaminim ATCC 15806; 

Corynebacterium callunae ATCC 15991 ; 

Corynebacterium alutamicum ATCC 13032, 

(Brevibacterium divaricatijnrrt ATCC 14020; 

(Brevibact erium lactoferment. im) Arrr. 13869; 

(Corvnebacterinm li|j um ) ATCC 1 5990; 

(Brevibacteriiim flavum) ATCC 14067; 

Corynebacterium meiassecnla ATCC 1 7965; 

Brevibacterium sacchamlytirnm ATrr 1406 6 ; 

Breviba, cterium immario phihim Arr.r 14068; 

Brevibacterium roseum ATCC 1 3825; 

Brevibacterium thioaenitalis ATCC 1 9240; 

Mtaofracterium ammoniap hilum ATCC 15354; 

Corynebacterium thermoaminng pnoc a h?^q (PERM BP-1539) 
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a -S^^ 

ings: S-(2-am.noethyl)cysteine (hereinafter abbrwSS ^as "Sc"T I I mUt3m Str3inS indudes the ,ollow - 

lastofermgntum AJi 1082 (NRRL B-1 147? SS^atem Puh ^ \ TS* Str3 ' nS (for 6Xample - §£^barterium 
57-30474. 58-10075. 59-4993. 61-35840 62 24074 62 SBbTT^^ 57 ' 14157 - 57 "^8. 

which require amino acid such as L?«^^^™Vf I' 11 ^ 7 ' ^ 7 ""^ «^ 

6499); mutant strains which «S^?/S C ^^^ ( ^"^ ,Wt PUb,iCa,i ° n N ° S 48 - 28078 and 56 ' 
Hne. L-serine. L-arginine. L-alaninea^dL valine (United States Patent w L +™»«»- "-Pro- 

ducing mutant strains which exhibit resistance to DL a^jminn ■ J ^ 3,? ° 8 ' 395 3nd 3825 - 47 2). L-lysine-pro- 

sulfadrug.quinoid.andN-iauroWleSS a-amino-lauryllactam. aspartate-analog. 

aloacetate decarboxylase or ;^2^^ nu ^ IT * WhiCh •«* resistance *> W«l« of 
31093. 52-102498. K-9394 SSS^SSS Z ^ TZ^ *™ N ° S SO" 53 *®- »- 

Nos. 53-43591 and 53-1833 D S!dm 56 - 39778 ' 3nd Pat *« Publication 

App.ication Laid-open N^^i5^^)TS„^^ "T" in0Sit °' " aMfc 3dd <*P«- Pa *<« 
pyruvic acid or temperature not less S M^^taa^^ WhiCh 6Xhibrt Sensi « vi * *> **»*■ 

and producing mutant strains be.onging to the kT° ^ 559783 3nd 53 " 86090 )= 

ethy.ene glycol and produce L-.ysineVnited ll^P^^f^ Zir""^^ ^ r6SiStanCe t0 

duction. it is expected to make enhan^^^ ° r , Ph39<5 V6Ct ° r or *• ,ike the Pre- 

ferred to use a multiple copy type vectoT Such ^TlfT US ' n9 3 '° W COpy type vector How ^. it is pre- 
PAJ611 PAJ3148. andpAJ^S^^abo^B JSTt 1 eXamP ' e ' P ' 3Smid VeCt0rs - pAJ655 - P*"844. 

in International Publication PamphS^f WO02/^ 

Japanese Patent Application Uid-open No. 6 S Jertes A A e a If m^T ^ Pub ' iC3ti0n N ° 445385 - 
C etal.. Mol. Microbiol.. 14. 571-581 (1994) Vertes A A et al Mol r! r T^'c 739 ' 746 < 1994 ). Bonamy. 
al.. FEMS Microbiology Letters 126 1 fi /iqq« 1 f 1 Gen Genet ' 245 ' 397-405 (1994). Jagar. W et 

ent Application L^S^7^£^ ^ ^ N °" 7 " 107976 - ^ 

those^s xsz o^rszzTo^ r* n is r ecessari,y enhanced - * is — - * - 

somal DNA. Alternatively, the ntiant iZma^ln^tZ J * ? 1Ut3nt ^ iS incor P°«ted into chromo- 

nicf 0 ,r^ ar ° p ^^ 

existing with each other. 9 3 " d harb ° nn9 mechani ^ in the host, and which are capable of co- 

PVK7?^^^^ 

ce,.s of Escherich^pti and s/e^ZXlT^e^ ^corner ^ " autonomo ^ «***>•. - 

tor P VK7 can be constructe d according to the meZ ? P ? * C '° ning and vec- 
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and daeB, dapA. |ysA and aspC autonomously replicable in cells of corynetorm bacteria. 

The above-mentioned recombinant ONAs can be obtained, for example, by inserting each of the genes participat- 
ing in L-lysine biosynthesis into a vector such as plasmid vector, transposon or phage vector as described above 

In the case in which a plasmid is used as a vector, the recombinant DNA can be introduced into the host in accord- 
ance with an electric pulse method (Sugimoto et al.. Japanese Patent Application Laid-open No. 2-207791 ) Amplifica- 
tion of a gene using transposon can be performed by introducing a plasmid which carrying a transposon into the host 
cell and inducing transposition of the transposon. 

In corynetorm bacteria used in the present invention, a gene participating in L-lysine biosynthesis such as a DNA 
sequence cod.ng for a phosphoenolpyruvate carboxylase and a DNA sequence coding for a diaminopimelate dehydro- 
genase may be enhanced in addition to the above-mentioned genes. 

L3) Method for producing L-lvsine 

L-Lysine can be efficiently produced by cultivating, in an appropriate medium, the corynetorm bacterium compris- 
ing the enhanced genes for L-lysine biosynthesis as described above, to allow L-lysine to be produced and accumu- 
lated in a culture of the bacterium, and collecting L-lysine from the culture. 

The medium to be used is exemplified by an ordinary medium containing a carbon source, a nitrogen source inor- 
ganic ions, and optionally other organic components. 

As the carbon source, it is possible to use sugars such as glucose, fructose, sucrose, molasses, and starch hydro- 
lysate; and organic acids such as fumaric acid, citric acid, and succinic acid. 

As the nitrogen source, it is possible to use inorganic ammonium salts such as ammonium sulfate, ammonium chlo- 
ride, and ammonium phosphate; organic nitrogen such as soybean hydrolysate; ammonia gas; and aqueous ammonia 
As organic trace nutrient sources, it is desirable to contain required substances such as vitamin B, and L-homoser- 
me or yeast extract or the like in appropriate amounts. Other than the above, potassium phosphate, magnesium sulfate 
iron ion. .manganese ion and so on are added in small amounts, if necessary. 

Cultivation is preferably carried out under an aerobic condition for about 30 to 90 hours. The cultivation temperature 
is preferably controlled at 25°C to 37°C. and pH is preferably controlled at 5 to 8 during cultivation. Inorganic or organic 
acidic or alkaline substances, or ammonia gas or the like can be used for pH adjustment. L-lysine can be collected from 
a culture by combm.ng an ordinary ion exchange resin method, a precipitation method, and other known methods. 

EXAMPLES 

The present invention will be more specifically explained below with reference to Examples. 

35 Sample 1 ; Preparation of wild Type I vsO Qpne and Mutant ivsc Gen* fmm B revihartPrinm i^ctofprmsnf.m 

1 1 ) Preparation of wild type and mutant IvsCs a nd preparation of plasmids containino them 

A strain of Brevibacterium lactofermentum ATCC 13869. and an L-lysine-producing mutant strain AJ3445 (FERM 
P-1944) obtained from the ATCC 13869 strain by a mutation treatment were used as chromosomal DNA donors The 
AJ3445 strain had been subjected to mutation so that !ysC was changed to involve substantial desensitization from con- 
certed inhibition by lysine and threonine ( Journal of Biochemistry. 68. 701-710 (1970)). 

A DNA fragment containing lysC was amplified from chromosomal DNA in accordance with the PCR method 
(polymerase chain reaction: see White. T. J. et al.. Trends Genet.. 5. 185 (1989)). As for DNA primers used for amplifi- 
cation, single strand DNA's of 23-mer and 21-mer having nucleotide sequences shown in SEQ ID NOs- 1 and 2 were 
synthesized in order to amplify a region of about 1 .643 bp coding for jysG on the basis of a sequence known for Corvne- 
teCjerjum qlutamicum (see Molecular Micrnhinlngy f 1QQ1) 1197-1204: and Mol. Gen. Genet n99fi) 224 317- 
324). DNA was synthesized in accordance with an ordinary method by using DNA synthesizer model 380B produced 
by Applied Biosystems and using the phosphoamidite method (see Tetrahedron Letters (iqbi) 22 1859) 

The gene was amplified by PCR by using DNA Thermal Cycler Model PJ2000 produced' by Takara Shuzo and 
using Taq DNA polymerase in accordance with a method designated by the supplier. An amplified gene fragment of 
1.643 kb was confirmed by agarose gel electrophoresis. After that, the fragmenl excised from the gel was purified in 
accordance with an ordinary method, and it was digested with restriction enzymes Nrul (produced by Takara Shuzo) 
and EcgRI (produced by Takara Shuzo). 

55 U <£ HSG3 " (SSe Takeshita - S et al - Sens 0987). 61. 63-74) was used as a cloning vector for the gene fragment 
PHSG399 was d.gested wilh restriction enzymes Smal (produced by Takara Shuzo) and EcoRI. and it was ligated with 
the amplrf ,ed !ysC fragment. DNA was ligated by using DNA ligation kit (produced by Takara Shuzo) in accordance with 
a designated method. Thus plasmids were prepared, in which the !ys£ fragments amplified from chromosomes of 
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Brevibacterium lactofermenfnm were liaated with dHSG^qq rocna/fiwai., A ~. 

Isch^SliandbTcte^S and auton ™sly replicable in cells of both 

S^te^tv TaSCT^ ^^ P , 4 ^ COnS,ructed b * d ^strng pHC4 with 

o it with PHSG298 Ling ^S^SS£^SS^ fT' ^7 " ^ ^ and 

7491). pHK4 gives kanamycin resistance^ to a ^SE? J?" f t P3neSe Patent ^ ica ^ l*W-open No. 5- 
/U13136. and deposited on ^ 

science and Human Techno.oToMge^^ . ^» in National Institute of Bio- 

.ndu S tr y (1 .3, Higashi ^home^uS ^ 

matioCas^ -d cleaved edges were blunt- ended. Blunt end tor- 

After the b.u P nt end Ciion a J^^SS^S^^i T "T™ ^ 3 M 
cation so that the DNA fragment correSnd noSn (P rod " ced b * Takara Shuzo) was ligated to make modifi- 
on.y BamHI. This pl-m^SSS^^ a ZT ^ rt,0n ™?h. be excised <™ PHK4 by digestion with 
> P399AKY and P 399AK9 having Sn a^o dta^lS w L r m, ^ "° ri ° NA fragment was (i 9 ated with 

pest Treaty on February 10 199S a^Z!^^^ 1 tranS,erred t0 "^national deposition based on the Buda- 
ciy on reoruary i o, 1 995, and deposited under an accession number of FERM BP-4999. 

laLDeter mination of nnCotid. s^ ncn^ of wi,d type ,ysC and m„t, n t .vsC fmm ^„ ^ UB£mjl 

On ^^^^^^^^^^ «J - Sequence Using, 
such that 1051st G was changed into A in SEO ir ) wn^ffT ~ «y p399AK9 had only mutation of one nucleotide 

(see Kalinowski, J. et a... Molecu.ar Mi^*'^ fffigf w-SSTSS?^!? ^ ?" ' dentiCal ° NA ^ 
the gene sequenced herein also has two subunitV/^ 1204 M u dgmg from homology, it is assumed that 

strand. SUbun ' ,S ( °' P) encoded ,n an ,dentical wading frame on an identical DNA 

each ol the subunils GTG? 5 TiT^MMo„?^ !. a "" n ° aod 5equence is s ' , °'" , in SEQ ,0 N ° : ?• 
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Example 2: Preparation of danR fr nm BrevihactPri. im lactofermentum 
11 i. Preparation of dapB and const ruction of nlasmid containinn rta P R 

**S 6 S,rai " ° f B ^' bacterium 'actofermentum ATCC 13869 was used as a chromosomal ONA donor Chro- 
tTZTlnR ^ Pr6 ^ r 5 ATCC 1 3869 S,rain in accorda "ce with an ordinary method. A ONA fragment cc^- 

taining daflB was ^amplified from the chromosomal DNA in accordance with PGR. As for ONA primed uTed tor 
ampliation. DNAs of 23-mers having nucleotide sequences shown in SEQ 10 NOs: 8 and 9 in SSSS^SbS 
respectively were synthesized in order to amplify a region of about 2.0 kb coding for DDPR on the taSrt^aSS 
aTpCR ^^^m (see Journa. of H,^ 1*^,0 ^^^^l ONA 

TJ^l h P8rf Tf 6 SamS manner 35 d6SCribed in Exam P' e 1 PCR-Script (produced by .Sen) was 
used as a cloning vector for the amplified gene fragment of 2.00 1 bp. and was ligated with the armffled dapB^aom^t 

^^to was ..gated with pCR-Script. The p.asmid obtained as described above, which had dipfSS 

to^^^TF*"- f PCRDAP& A tranSformant strain AJ13107 obtained by introducing" pCRDApI 
BP^St l^T ^ f ,nternat,onal| y ^P 05 ^ since May 26. 1995 under an accession number of PERM 
BP-5 14 in National Institute of B.osc.ence and Human Technology of Agency of Industrial Science and Technolom Z 

Td^s^ 

anrt toL 39 ^ 0 ' 1,101 bP containin 9 a struc,ural °ene of DDPR was extracted by digesting pCRDAPB with EcoRV 

X ra9 T ^ " 9ated WUh PHSG3 " havi " 9 been di 9 es,ed with y* c » and Si' » Prepare a plSSd 

The prepared plasmid was designated as p399DPR. pmsmra. 

Brevi.-ori was introduced into the prepared p399DPR to construct a plasmid carrying dags autonomously replica- 
JT baCter,a " PHK4 "** di9ested with a restricti ° n enzyme Kpnl (p oduc^by tXT S^Sd 
Shu^fin I?, 5 T e UU, ? n ? d - B ' Unt ^ ,0rmati ° n W3S PSrf0rmed * -ing^NA P B.unting £ JSie^^LS 
Ir^L t . Ik 06 T h 3 d6Si9nated method " After tne blunt end formation, a phosphory.ated BarnHHi^erl pS 
In mil ^° ^ ^ m0difica,ion 50 tha < *• DNA fragment corresporLg tol^Breli ori po- 

tion m,ght be excsed from pHK4 by digestion with only BamHI. This plasmid was digested with BamHI anH *L 

L'conf BreVi r« NA fra9ment W3S ^ P399DPR having beenalso digest* ^KS^^^ 

S^TK^S? ^'T^ T^' 6 C ° rynef ° rm b3Cteria - The ^ ared P^« d53i 
pDPRB. The process of construction of pDPRB is shown in Fig. 2. 

( 2 ) Determination of m icleotide sequence of daoB frnm Rrp»i b acterium Informant. , m 

min^n^f ° NA Pr6Par ! d ^ ,he AJ13107 strain Coring P 399DPR. and its nucleotide sequence was deter- 
m-nednthe same manner asdescribed in Example 1. A determined nucleotide sequence and an aSackJ^eauence 

f D NOM 1 6 nUC,e ° tide S6qUenCe ^ Sh0Wn " SE ° 10 N ° : 10 ° n " the a - no a -d siuenS" Slnln IeQ 
Example 3: Preparation of dapA from R revibacterium lactofermentum 
1 1 > Preparation of daoA and constru c tion of olasmid containing dap A 

mren^lnMA 6 Stfain ° f B ^; bacterium 'actofermentum ATCC 13869 was used as a chromosomal DNA donor Chro- 
mosomal DNA was prepared from the ATCC 1 3869 strain in accordance with an ordinary method A ONA fragment c^n- 
t a ,n,ng d^pA was amphfied from the chromosomal DNA in accordance with PGR. As for DNA primere used^°or 
amplrfication. DNAs of 23-mers having nucleotide sequences shown in SEQ ID NOs: 12 an^J 13 in s£Zi£S^ 
respectively were synthesized in order to amplify a region of about 1 .5 kb coding for OOPS on the tasTof a^eaueS 
x^o ^T 653 ^"" 1 qlUtamiCUm < See Nucleic Acid. Rp e « f .H 18(21 9 , 64 21 ^^^S^STS 
X53993). Synthesis of DNA and PGR were performed in the same mannerlslescribed inlL^pSSo fom 
menf o?^ TT^ T morTeChn ^ & 657 ^ d 991 ,) was used as a cloning vector JthTamplSS gene 

J;V ^ 1^ ^ " 9ated W " h the ampWied ^ ,ra 9 ment " Liaation o' DNA was perforrnS bTuSno DNA 
hgation k,, (priced by Takara Shuzo, in accordance with a designated method. Thus a plasmiS waVc^sTc^ i^ 

^OOO 6 S?J2fT« 1 'I' 1 ^ amP,i,iSd ,f0m ChramOSOme ° f Brevibacterium lactirmemyS 

as pCRDaS 35 ab ° Ve ' WWCh ° ri9ina,in9 ,r ° mATCC 13869 ' was desi 9" ated 

depo^iTncewlv A iJ 106 H Obtained ^ introducin 9 P^DAPA into E. cgji JM109 strain has been international 
deposited since May 26. 1995 under an access.on number of PERM BP-51 13 in National Institute of Bioscience and 
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Human Technology of Agency of Industrial Science and Techno.ogy of Ministry of International Trade and .ndustry (i- 
3. Higashi 1 -chome. Tsukuba-shi. Ibaraki-ken. 305 Japan) based on the Budapest Treaty 

Brevi -ori was introduced into the prepared pCRDAPA to construct a plasmid carrying dapA autonomously replica- 
%T r y TjT baC,ena K P HK4 was di 9 esled - th ^friction enzymes Kpn. and BamHI (produced by Takara SrLo* 
£L Z T 96S blUnt - ended Blunt end forma «°" «■» Performed by using DNA Blunting kit (produced by 
Takara Shuzo) ,n accordance with a designated method. After the blunt end formation, a phosphorated SmaflnlS 
(produced by Takara Shuzo) was .igated to make modification so that the DNA fragment corresponding to thrfevi or 
portion m.ght beexcised from P HK4 by digestion with only Srnal. This plasmid was digested wlh SrJi and Ihe gener 
ated Bre^-or, DNA fragment was .igated with pCRDAPA having been also digested with Smal io^repare a pSd 

<2) Determination of nucleotide senuen™ . of daoA from Brevibacterium lacofermentum 

min^' in^ c D a NA ,r ° m ihe ^ 3106 Strai " P CRDAPA - and its nucleotide sequence was deter- 

didSd Lm Z m T1 r H aS d6SCribed Examp ' e 1 • A d6termined nuc,eotide and ™ ar^no acid sequence 

?D NOM 5 S6qUenCe ShOWn in SE ° 10 N ° : U ° nly ,He amin ° 3Cid Sequence is shown SE ° 

Example 4: Preparation of IvsA from Brevibacterium lactofermentum 
1 1 ) Preparation of IvsA and construction of nlasmiri i- o maininn i y R A 

A wild type strain of Brevibacterium lactofermentum ATCC 13869 was used as a chromosomal DNA donor Chro- 

SSSotSS^ 'ST 1 ,r ° m : he T CC 13869 m aCCOrdanCe ^ an meth0d A DNA fragnSnfcon- 

taming argS, lysA, and a promoter of an operon containing them was amplified from the chromosomal DNA in 

accordance with PGR As for DNA primers used for amplication, synthetic DNAs of 23 mers havSg LZide 

o about 3.6 kb coding for arg,nyl-tRNA synthase and DDC on the basis of a sequence known for Corvnebacterium 

AST |^ eS ^T^TT" ^!££SbjoJogx 40U. 1 81 9-1830 (1990); Mo.ecu.ar and r^ J ^l*""" 

2 ^« °L , 3 " d PCR WSre Perf ° rmed in 1,16 same manner as described in Example 1. p^G399 was 

^ ^ ° r c! ampli,i6d 9ene fra9ment ° f 3 ' 579 bp PHSG399 was di 9 ested with a restriction enzyme 

Sma. produced by Takara Shuzo). which was ligated with the DNA fragment containing amplified lysA A plasS 

l n nM a A deSCnbed ab0Ve " WhiCh had ^ ° ri9inatin 9 ,rom ATCC 1386 * designated as psSlyS 

Bamwl t ? 3inin l ^ "ru 5 eXtraCted bV di96Sting P 399LYSA Kool (produced by Takara Shuzo) and 

SmH^tll r h ZO) - 7". ° NA ,ra9ment ' i9ated Wi,h pHSG299 havi "9 ^en digested with j£a, 
and BamHI. An obtained plasm.d was des,gnated as p299LYSA. The process of construction of p299LYSA is shownTn 

Brevi -ori was introduced into the obtained p299LYSA to construct a plasmid carrying lysA autonomously replicable 

ISST"? h?" 3 . PHK4 W3S di9eSt6d With r6StriCti0n enzymes *»■ and a«nH'. heaved *ge fwSSE 
ended. Blunt end formation was performed by using DNA Blunting kit (produced by Takara Shuzo) in accordance Sh 

IZZZ ™> % T ^ formati0n ' 3 phos P h °^ KEOI linker (produced by Takara ShuzolS 
X?k . m odrf,cat.on so that the DNA fragment corresponding to the Brevi.-ori portion might be excised frTm 

hgated with p299LYSA having been also d.gested with Kpnl to prepare a plasmid containing |ysA autonomously repli- 
pLYSABSwnrFrS ^ ^'S^ " PLYSAB ^ ^ °< conrtSS^ 

1 2) Determination of nucleotide sequence o f | VsA from Rrpyibacterium lartofermentum 

H 0c r a !T id T A °! ^"^^ was prepared - and ^ nucleotide sequence was determined in the same manner as 
descnbed in Example 1 . A determined nucleotide sequence and an amino acid sequence deduced to be enSed by 
« *o«n SEQ ID NO: is. Concerning the nucleotideTequence. an amino acid s^nce" 
encoded by argS and an ammo acid sequence encoded by lysA are shown in SEQ ID NOs: 19 and 20 respectively. 

Example 5: Preparation of aspO from Escherichia coli and Constr u ction of Plasmin Containinn ag p r 

An Escherichifl cnli JM109 strain was used as a chromosomal DNA donor. Chromosomal ONA was prepared from 
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the Econ JM109 strain in accordance with an ordinary method. A DNA fragment containing asoC was amplified from 
the chromosomal DNA in accordance with PCR As for DNA primers used for amplification, synthetic DNA's of 20-mers 
having nucleotide sequences shown in SEQ ID NOs: 21 and 22 in Sequence Listing respectively were used on the 
basis of a sequence known for E. coli (see Kuramitsu, S. et al., J. Biochem.. 97(4) 1259-1262 (1985)). Synthesis of 
DNA and PCR were performed in the same manner as described in Example 1 . The amplified fragment of 1 .331 bp was 
cloned into TA cloning vector pCRIOOO. The constructed plasmid was designated as pCRASPC. 

A nucleotide sequence of the amplified DNA containing asp£ and an amino acid sequence deduced to be encoded 
by the nucleotide sequence are shown in SEQ ID NO: 23. Only the amino acid sequence is shown in SEQ ID NO: 24. 

Comparative Example 1 : Construction of Plasmid C omprising Combination of Mutant IvsC and rianA 

A plasmid comprising mutant lysC, dapA, and replication origin of coryneform bacteria was constructed from the 
plasmid pCRDAPA comprising dapA and the plasmid p399AK9B comprising mutant !ysC and Brevi.-ori p399AK9B was 
completely digested with Sail, and then blunt-ended, and was ligated with an EcoRI linker to construct a plasmid in 
wfuch the Sa|l site was modified into an EcoRI site. The obtained plasmid was designated as D399AK9BSE. The mutant 
!ys£ and Brevi.-ori were excised as one fragment by partially digesting p399AK9BSE with EcoRI. This fragment was 
Itgated with pCRDAPA having been digested with EcoRI. An obtained plasmid was designated as pCRCAB This plas- 
mid is autonomously replicable in £. coli and coryneform bacteria, and it gives kanamycin resistance to a host, the plas- 
mid comprising a combination of mutant lysC and dapA. The process of construction of pCRCAB is shown in Fig. 6. 

Comparative Example 2: Construction of Plasm i d Comprising Combination of Mutant IvsC and dapB 

A plasmid comprising mutant lysQ and dapB was constructed from the plasmid p399AK9 having mutant lysC and 
the plasmid D399DPR having dapB. A fragment of 1,101 bp containing a structural gene of DDPR was extracted by 
digesting p399DPR with EcoRV and Sphl. This fragment was ligated with p399AK9 having been digested with Sail and 
then blunt-ended and having been further digested with Sphl to construct a plasmid comprising a combination of mutant 
lysC and dapB. This plasmid was designated as p399AKDDPR. 

Next, Brevi.-ori was introduced into the obtained p399AKDDPR. The plasmid pHK4 containing Brevi.-ori was 
digested with a restriction enzyme Kpnl (produced by Takara Shuzo). and cleaved edges were blunt-ended Blunt end 
formation was performed by using DNA Blunting kit (produced by Takara Shuzo) in accordance with a designated 
method. After the blunt end formation, a phosphorylated BamHI linker (produced by Takara Shuzo) was ligated to make 
modification so that the DNA fragment corresponding to the Brevi.-ori portion might be excised from pHK4 by digestion 
with only BamHL This plasmid was digested with BamHI. and the generated Brevi.-ori DNA fragment was ligated with 
P399AKDDPR having been also digested with BamHI to construct a plasmid containing mutant lys£ and daoB auton- 
omously replicable in coryneform bacteria. The constructed plasmid was designated as pCB. The process of construc- 
tion of pCB is shown in Fig. 7. 

Comparative Example 3: Constructi on of Plasmid Comprising Combination of dapA and dap B 

The plasmid pCRDAPA comprising dapA was digested with Kpnl and EcoRI to extract a DNA fragment containing 
dapA, and was ligated with the vector plasmid pHSG399 having been digested with Kpnl and EcoRI An obtained plas- 
mid was designated as p399DPS. 

On the other hand, the plasmid pCRDAPB comprising dapB was digested with Sacll and EcoRI to extract a DNA 
fragment of 2.0 kb containing a region coding for DDPR, and was ligated with p399DPS having been digested with Sacll 
and EcoRI to construct a plasmid comprising a combination of dapA and dapB . The obtained plasmid was designated 
as p399AB. 

Next, Brevi.-ori was introduced into p399AB. pHK4 containing Brevi.-ori was digested with a restriction enzyme 
BamHI (produced by Takara Shuzo). and cleaved edges were blunt-ended. Blunt end formation was performed by using 
DNA Blunting kit (produced by Takara Shuzo) in accordance with a designated method. After the blunt end formation 
a phosphorylated Kpnl linker (produced by Takara Shuzo) was ligated to make modification so that the DNA fragment 
corresponding to the Brevi.-ori portion might be excised from pHK4 by digestion with only Kpnl. This plasmid was 
digested with Kpnl, and the generated Brevi.-ori DNA fragment was ligated with p399AB having been also digested with 
Kpnl to construct a plasmid containing dapA and dapB autonomously replicable in coryneform bacteria. The con- 
structed plasmid was designated as pAB. The process of construction of pAB is shown in Fig. 8. 

Example 6: Construction of Plasmid Comprisi n g Combination of Mutant IvsC. dapA, and daoB 

P399DPS was digested with EcoRI and Sphl and blunt-ended, followed by extraction of a daoA gene fragment. This 
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to J^ P I^'! CR0APB C ° mpriSin9 ^ was with i£S RI blunt-ended, fallowed by digestion with Sac. 

1!^ *T ra9 T!? ° "* COmprisin 9 The plasmid p399CA conprising d^A and mutant 

.d.ges ted with See. and blunt-ended, and was thereafter digested with Sad and ligated wimttTe ex Jct«l daSfrTo 
ment toobta.n a plasmid comprising mutant !ys£ dapA, and dapB. This plasmid 4 designated ZSScJP 

Next. Brew-on was introduced into p399CAB. The plasmid pHK4 comprising Brevi -ori v^s digested with a restric 
to. enzyme BbdHI , [produced by TaKara Shuzo). and cleaved edges we* ?b.un?-an£a I bZ ^end formal wis per-" 
formed by us.ng DNA Blunbng kit (produced by Takara Shuzo) in accordance with a designated met^ After I! £L 
> end I formation a phosphory.ated Kpnl linker (produced by Takara Shuzo) ^fJ^^^SS^o^^ 
DNA fragment corresponding to the Brevi, 0 ri portion might be excised from pHK4 by digeslio^htnly This 
p asmtd was d.gested wrth Kpnl. and the generated Brevi.-ori DNA fragment was ligated w^UsCAE haS h~n 

Shown in Rg 9. 3 ^ ^ S 35 pCAB " P roces * - construction of 

Example 7: Construction of Plasm id Comp r isi n g C ombinatinn »f M.jtant ivsC rianA daoB. and lv*A 

fraol^wf mid J 329 f5 S T A compr,sin 9 was.digested with Kpnl and BamHI and blunt-ended and then a lysA aene 
fragment was extracted. Th.s fragment was ligated with pCAB having been digested with Hoa ( P 3uced ^akTra 
Shuzo and blunt-ended to construct a p.asmid comprising a combination of mint ly^/d^^an^ JJE 

S 7£ZZT ne *V a T? ^ COnS,mCted P ' aSmid W3S d-ignatedTs p"5A-BC^f e pr^of con- 

ZotZrl^, 1 n m 9 ia 11 ' S n ° ted th3t the 9 ene ,ra 9 ment is in "rted into a Heal site in a DNA 

SlTn £ 9 k 96ne PCABU h0W8Ver ' the Site is located u P str eam from a propter for he daoB 
gene (nucleotide numbers 61 1 to 616 in SEQ ID NO: 1 0). and the dapB gene is not decoupled. 

Example 8: Constru ction of Plasmid Comprising asoC 

As a vector for introducing aspC into coryneform bacteria, a cloning vector for coryneform bacteria dVK7 whirh 
was newly constructed was used. P VK7 was constructed by ligating P HsL 9 9. a vector for E coli ^Km^ Takeshita S et 

pAM^wa^ri 1 f 87)) « With K PAM33a 3 Pl3Smid for B ^ a «°""" iB^m^S^^SS^ 

PAM330 was prepared from Brevbacterium lactnWmPntnm ATCC 13869 strain. pHSG299 was digested with a restrT 

Inn r T T C,eaVa9S SitS ' (pr0duCed b * Takara Shuz °>- blunt ended by usTng tT^^Z^I' 

mA^L P Z™^ m b6en di96Sted ^ MQd " 1 (Pf0dUCed * T3kara Sh -°> a " d b.unt end* Vy7JngT4 
fZTaso^tanZTl^ ZT ti ° n °L?f inSertSd PAM33 ° PHSG2 "' the obtained ^asmidswere de^ 
Slf and BrP^hlrl Vf, W3S US6d <0r thS ,0 " 0Win9 ex P erim ^ts. pVK7 is autonomously replicable in both 

~t^oi^^T s ~ rr c,onin9 site ori9ina,ina ,ram phsg2 " ^ 

EcorT SrSJSf ? r ? ^ PVK?1 3222 W3S Mgated - pCRASPC was di ^sted with a restriction enzyme 

Example 9: Preparation of asaC fmm Rrpv i bacterium lartoferment./m 
< 1 > Preparation of aspC originating from RrevihactPrii ,m ig c tof ermsnt, .m 

activ^Xac^ 102 ' ? be,0n9in9 t0 ,hS 9enuS Cor V"^cterium which was deficient in aspC. 

act.v«y(AATact.vity) to be asparticaad auxotrophic (I. Shito arrt K. Ujikawa. iBigchem 84 647H978H w^tSnT 

IT 3 aene >*>™y (international Publication No. Jk>9B^^^^I^J^^ 

ll^Ji^Sld^if^ t0 !"! 9SnUS C^"^""" obtained transformants were col.ect Jand 
^ ^ 3,er tW ' Ce - TenS ° f tnousa nds of the transformants were plated on agar plates of a minimum 

nSZo S IUm , 1 ° T ain ' n9 "° ni,r ° 9en S ° UrCe ° ther than ammonia Shii ° a " d K Ujikawa ? Sim Z 647 
nZ L Dm TJ ZT WhiCh reS, ° red aSP3rtiC aCid auxotroph y and «<=e.l e n, gTo^Shfplate 

Plasm,d DNA was recovered from the obtained stain restoring the aspartic acid auxotrophy and ie^^ed oto£ 
was debated as pAC. When the wi,d type ATCC 13869 strain of Brevibact^.m JSJL^l 
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with pAC. the aspC activity of the transformant was increased (Table 1). The activity determination was conducted 
according to a known method (see Sizer. I.W. and Jenkins. W.T., Meth. Enzvmol vol s 677-679 (1962)). 

From the results, it was confirmed that the about 2.5 kb fragment of the chromosomal DNA of the ATCC 13869 
strain on the plasmid DNA contained aspC of Brevibacterium lactofermpntnm 



10 



Table 1 



Strain/Plasmid 


aspC Activity (Relative 
value) 


AJ 13869 
AJ13869/pCABL 


1.0 
8.9 



75 121 Analysis of asoC or iginating from Brevibacterium lactofermentnm 
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A nucleotide sequence of the 2.5 kb DNA fragment was determined according to the dideoxy method of Sangar et 
al. ( Proc. Natl. Acad. Sci USA , 74, 5463 (1977). The determined nucleotide sequence was shown in SEQ ID NO" 25 
The nucleotide sequence was analyzed by using GENETYX-MAC Version 7.3 program (Software Kaihatsu KK) ORF 
(Open Reading Frame) search showed two ORFs which overlapped in the opposite orientation as shown in Fig 1 3 The 
ORF of 432 ammo acids or 426 amino acids which was encoded in the normal orientation between ATG of nucleotide 
number of 579 to 881 or 897 to 899 as an initiation codon and TAG of nucleotide number of 21 75 to 21 77 as a termina- 
tion codon in the nucleotide sequence shown in SEQ ID NO: 25 was designated as ORF1 . The ORF of 393 amino acids 
which was encoded in the reverse orientation between GTG complementary to CAC of nucleotide number of 2163 to 
21 65 as an m.tiat.on codon and TGA complementary to TCA of nucleotide number of 984 to 986 as a termination codon 
in the nucleotide sequence shown in SEQ ID NO: 25 was designated as ORF2. 

13 ) Det ermination of ORF coding for as pC 

A DNA fragment which did not contained the full length of ORF2 and coded for the full length of ORF1 was ampli- 
fied by PCR from pAC to confirm whether ORF codes for the AAT protein among the two ORFs. As for DNA primers 
used for amplification, synthetic DNAs of 23-mers having nucleotide sequences shown in SEQ ID NOs- 26 and 27 in 
Sequence Listing respectively were used on the basis of the sequence shown in SEQ ID NO 25 Synthesis of DNA and 
PCR were performed in the same manner as described in Example 1 . The amplified fragment of 2 062 bp of the nucle- 
ot.de i number 126 to 2.187 in the nucleotide sequence shown in SEQ ID NO: 25 was cloned into TA cloning vector 
PCR2.1 (produced by Invitrogen). The constructed plasmid was designated as pCRORFI . 

In the same manner, a gene fragment of 1,543 bp of the nucleotide number 975 to 2 517 in the nucleotide 
sequence shown in SEQ ID NO: 25. which coded for the full length of only ORF2, was amplified and cloned The con- 
structed plasmid was designated as pCRORF2. 

To introduce the cloned DNA fragments into cells of bacteria belonging to the genus CorvnehactPrh.m the DNA 
fragments were ligated with the shuttle vector described in Example 8. pCRORFI was digested with a restriction 
enzyme EcoRI (produced by Takara Shuzo). and ligated with pVK7 having been digested with the restriction enzyme 
EcoRI. Ligation of DNA was performed by using DNA Ligation kit (produced by Takara Shuzo). The constructed plasmid 
was designated as pORF1. The process of construction of pORFl is shown in Fig. 14. 

In the same manner, pORF2 was constructed from pCRORF2 and pVK7. 

1 ,ol he . PrePar f d P ° RF1 3nd P ° RF2 W6re introduced in, ° ce,| s of Brevibacterium lactofermenf.m wild type ATCC 
1 3869 strain ,n the same manner as in Example 9. The aspC activities of ATCC 1 3869 and obtained plasmid-introduced 
strains ATCC 13869/pORF1 and ATCC 13869/pORF2 were determined. The activity determination was conducted in 
he same manner as described in Example 1. As shown in Table 2. an increase in the aspC activity was observed only 
for ATCC 1 3869/pORFl . indicating that aspC is encoded by ORFi . 

The nucleotide sequence of aspC of Brevibacterium lactotermentMm determined by the above-mentioned experi- 
ments and an ammo acid sequence deduced to be encoded by the nucleotide sequence are shown in SEQ ID NO 30 
Only the ammo acid sequence is shown in SEQ ID NO: 31 Homology search on GENEBANK showed no homology to 
known amino acid sequences including AAT proteins originating from other organisms 
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Table 2 



Strain/Plasmid 


aspC Activity (Relative 




value) 


AJ 13869 


1.0 


AJ13869/pORFl 


10.1 


AJ13869/pORF2 


12 I 



r , il7m P S A c BL(C K m l C ° nSt 7 C,ed in Examp ' e 7 W3S introduced in »° a" L-lysine-producing bacterium AJ1 1082 (NRRL 
B-1 1470) of Brev.bactenum lactofermentum respectively. The AJ1 1082 strain has a property of AEC resistance The 

uS^'TS^ST^ an pulse method (Su9imoto et al - Japanese ^T^Xal 

La.d open Na 2-207791). Transformants were selected based on a drug resistance marker possessed by thTplasmid 

I^3SS^S5 Ct-d 00 3 00,71,3,616 mediUm COn,ainin9 5 tl9/m ' °' chloram P h -«~l when a plasSd comp "ng 
yS^iSlJST* 9 T 6 W3 h ,rTtr0dUCed • ° f transforman,s ™* Elected on a complete medium containing 
25 jig/ml of kanamyan when a plasm.d comprising a kanamycin resistance gene was introduced 

a .nr h f p ra K Sf0 T ant / ! J1 10 i ? 2/pCABL obtained as described above was transformed with plasmid pOm (Km') having 
aseC of Eschenchiacol, or pORF1 (Km') having aseC of Br 6 vih a ^n.,m s £ ce pCA ^ L us ^ s > ™JJ 

uLTrZ™ T T S ° f Bfevibac ^'^rmPnt„m and a Cm resistance gene as a marker, and pOm 
uses PAM330 as an repl,cat,on ong.n ,n cells of Brevibacterium lactoferm.ntum and a Km resistance gene as a marker 
ZuoZTJLVo^ H° r f " 1 Ce " S ? Bre * ibactefi " m '^o^m.n,„m. Thus, strains AJ, lOsJpCABUpOm anci 
^nL^Zr^ZZ 3 PlaSm ' d C ° ntainin9 3 9Sne PartiCiPatjn9 ^ L "' ySine bi ° SyntheSis and * ^ — 

S3 r me mannet 3S described p399AK9B(Cm r ), pDPSB(Km'). pDPRB(Cm') pLYSAB(Cm') oOm 

pCRCAB(KmO P AB(CmO. pCB(Cm'). and pCAB(Cm') were introduced into the ij?1082 s^in too SKSS^Sl 

!n rombinXa ^ ^ " " ^ Sin9 '* °' ^ w three ° f theSe <> en6S «™ 



Example 1 1 : Determination of asnf. a ctivity of transformants 

^oJI^^Jfrf 65 ° f transformants AJ11082/pCABL. AJ 1 1082/pCABL/pOm and AJ1 1082/pCABL/pORFl 
were determined. The acfv.ty determination was conducted in the same manner as described in Example 9 < 3 > As 
shown ,n Tab e 3, ,t was observed that the lac promoter on the pOm vector also functioned in Brevibact^i L ,aJn£ 

aSfbvSn ut aSpC f aCt,V ' ty 1 1 082/ P CABiypOm increased by about three times. A furt her increase in the IspC 
activity by about nine times was observed for AJ1 1082/pCABLVpORF1 . 



Table 3 



Strain/Plasmid 


aspC Activity (Relative 




value) 


AJ 11082 


l.O 


AJ11082/pOm 


3.2 


AJ11082/pORF1 


10.1 


AJ11082/pCABL 


0.9 


AJ11082/pCABL/pOm 


2.9 


AJ11082/pCABL/pORFl 


11.5 
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Example 1 2: Production of L-l y gino 



[L-Lysine-productng medium] 

KOH^l?^ ] L > — ^o,ed. and pH was adiusted at 8.0 with 

» lized in ho, air in a dry state ££££ Sd^7e^o ^ Ca *° nate <5 ° Q) been Separate " 



15 



20 



25 



30 



35 



Glucose 


100 g 


(NH 4 ) 2 S0 4 


55 g 


KH 2 P0 4 


ig 


MgS0 4 • 7H 2 0 


i g 


Biotin 


500 ug 


Thiamin 


2000 ug 


FeS0 4 • 7H 2 0 


0.01 g 


MnS0 4 • 7H 2 0 


0.01 g 


Nicotinamide 


5 mg 


Protein hydrolysate (Mamenou) 


30 ml 


Calcium carbonate 


50 g 



afa 40 or 72 „„« o, c*,Ln. 3 I air B^SS™ ZtT" ^ " 01 L ^ 



40 



45 



50 
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Table 4 



Bacterial strain /plasmid 



Accumulation of {.-Lysine after Cultivation for 40 or 72 Hours 



AJ 11082 

AJ1 1082/p399AK9B 
AJ11082/pDPSB 
AJ11082/pDPRB 
AJ11082/pLYSAB 

AJ11082/pOm 

AJ11082/pOm 

AJ1 1082/pCRCAB 

AJ11082/pAB 

AJ11082/pCB 

AJ11082/pCAB 

AJ11082/pCABL 

AJ11082/pCABL7pOm 

AJ1 1082/pCABLVpORFl 



Introduced gene 




aspCf B)f Not p p] 



jysQ:, dapA 
dapA, dapB 
lysCl, dapB 



ivsC* . dapA, dapB 

iy^C', dapA. dapB. lysA 

lysC*. da p A , dapB. IvsA 
asoC( E) 



'ysC', dapA. dapB. IvsA . 



asoC( B) 



Note 1 :aspQ of Escherichia r.n\\ 

Note 2:aseC of BrevibartPr.., m \actnterm*nt. im 



Amount of produced L- 
lysine(g/L) 



Growth (OD 562 /101) 



after 40hrs 


after 72hrs 




22.0 


29.8 


n I 
u.**ou J 


16-8 


34.5 


n *3Qft I 


18.7 


33.8 


0.410 


19.9 


29.9 


0.445 


19.8 


32.5 


0.356 


21.8 


30.9 


0.457 


21.5 


31.2 


0.450 


19.7 


36.5 


0.360 


19.0 


34.8 


0.390 


23.3 


35.0 


0.440 


23.0 


45.0 


0.425 


26.2 


46.5 


0.379 


26.7 


47.6 


0.415 


27.1 


48.8 


0.410 



amount of prMuced L^ti^ J^Z^^T^^XIT T 2 ^ °' °" lt,a,io "' •«»««■ «"» 
the L-lysine-producing speed was iS^ SZS, St iTt ""S o' 8 '" 40 tours 01 Name* 
difiA and gapj were enhanced in cSS on Smo,S It SSjSf ^ * I*" « and gjM. i 

were enhanced, the L-lysine productivity was tathSnSSj^ ^ M ™ oC 01 B "* ba "'™"" tT-Iih 
the latter was targe, than that ot the teneT "* ' ne pe " 0< ' s ™« ^»' °' improvement of 
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SEQUENCE LISTING 

(I) GENERAL INFORMATION: 

ti) APPLICANT: AJINOMOTO CO., LTD 
(ii> TITLE OF INVENTION: METHOD FOR PRODUCING L-t v S ;,r 
(1X1) NUMBER OF SEQUENCES: 31 
(iv) CORRESPONDENCE ADDRESS: 
{A} ADDRESSEE: 
iS) STREET: 
(C) CITY: 
{£} COUNTRY: 
(F) ZIP: 
(v) COMPUTER READABLE FORM: 

(A) MEDIUM TYPE: Floppy disk 
,c (B) COMPUTER: IBM PC compatible 

(C) OPERATING SYSTEM: PC- DOS / MS - DOS 

(D) SOFTWARE: Patentln Release Sl.O, Vers^cr #: 30 
(vi) CURRENT APPLICATION DATA: " 

(A) APPLICATION NUMEER : 
<B) FILING DATE: 
20 < c > CLASSIFICATION: 

(vii) PRIOR APPLICATION DATA: 

(A) APPLICATION NUMBER: JP 8-325659 

(B) FILING DATE: 05-DEC-1996 
(viii) ATTORNEY/ AGENT INFORMATION: 

(A) NAME: 

25 (B) REGISTRATION NUMBER : 

<ix) TELECOMMUNICATION INFORMATION : 

(A) TELEPHONE: 

(B) TELEFAX: 

(2) INFORMATION FOR SEQ ID NO : 1 : 
30 <i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 23 bases 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 
<D) TOPOLOGY: linear 

qs (ii > MOLECULE TYPE: other nucleic ac^d 

(A) DESCRIPTION: /desc = "synthetic DNA" 
(iv) ANTI-SENSE: no 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO- 1* 
TCGCGA^GTA GCAC CTGTC A CTT 



40 



23 



(2) INFORMATION FOR SEQ ID NO : 2 : 



(i J 



SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 21 bases 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

45 <ii! MOLECULE TYPE: other nucleic acid 

(A) DESCRIPTION: /desc = "synthetic DNA" 
(iv) ANTI-SENSE: yes 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO * 2- 
ACGGAATTCA ATCTTACGGC C 

50 (2) INFORMATION FOR SEQ ID NO: 3: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 1643 bases 
<B) TYPE: nucleic acid 

55 
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(C) STRANDEDNESS : double 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: genomic DNA 
(vi) ORIGINAL SOURCE: 

(A) ORGANISM: Brevibacterium lac:o£ errrencum 

(B) STRAIN: ATCC 13869 

(xi) SE2UENCE DESCRIPTION: SEQ ID NO ■ 3- 
TCGCGAAGTA GCACCTGTCA CTTTTGTCTC AAATATTAAA TCGAATATCA ATATACf-r 
TGTTTATTGG AACGCATCCC AGT GGCTGAG ACGCATCCGC TAAAGCCCCA GgSIcCCTGT 
GCAGAAAGAA AACACTCCTC TGGCTAGGTA GACACAGTTT ATAAAGGTAG AG^GCgI 

gtaactgtca gcacgtagat cgaaaggtgc acaaaggtgg ccctggtcct aSgSSw? 

GoCGGTTCCT CGCTTGAGAG TGCGGAACGC ATTAGAAACG TCGCTGAACG ScGT^GCC 
ACCAAGAAGG CTGGAAATGA TGTCGTGGTT GTCTGCTCCG CAATGGGaG* CACCACGGAT 
AACTTeCMC ^CAGTGAAT CCCGTTCCGC CAGCTCGTGA AAT GG ATAT G 
CTCCTGACTG CTGGTGAGCG TATTTCTAAC GCTCTCGTCG CCATGGCTAT TGAGTCCCTT 
= G « G CTCAATCTTT CACTGGCTCT CAGGCTGGTG TGCTCACCAC C^GcSc 
GGAAACGCAC GCATTGTTGA CGTCACACCG GGTCGTGTGC GTGAAGCACT CG*TG»rr?r 
AAGATCTGCA TTGTTGCTGG TTTT CAGGGT GTTAATAaS AA^CGCGA T^CCaIg 
llr^lrtl': ^I TCTGA "CCACTGCA GTTGCGTTGG CAGCTGCTTT IZcoc^lr 



SO 
120 
130 
240 
300 
360 
420 
ABO 
540 
600 
660 
720 
730 
340 
900 
960 
1020 
1030 
1140 
1200 
1260 
1320 
1380 
144G 
1500 

w-u-i^oo^u.h. CKr'l'^GGCCAG GTTATGCGCA 1 ^ar) 

CCCTTTTGGA AGAGCGCAAT TTCCCAGCTG ACACTGTTCG TTTC-TTGCT TCC-CGC~TT , 
CCGCAGGCCG T AAG AT T GAA TTC T TCCwCGC^TT lo20 

1643 

(2) INFORMATION FOR SEQ ID NO : 4 : 
35 (i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 1643 bases 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: double 

(D) TOPOLOGY: linear 
(ii) MOLECULE TYPE: genomic DNA 
(vi) ORIGINAL SOURCE: 

(A) ORGANISM: Brevibacterium lactof e men turn 

(B) STRAIN: ATCC 13869 
(ix> FEATURE: 

(A) NAME /KEY : CDS 
45 <B) LOCATION: 217.. 1482 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO* 4- 
TCGCGAAGTA GCACCTGTCA CTTTTGTCTC AAATATTAAA " TCGAATATCA AT AT AC G GT C 
JSSSS ^ CGCATCCC ACTGGCTGAG ACGCATCCGC TAAAGCCCCA £££££ 120 
™ ^ AACACTCCTC TGGCTAGGTA GACACAGTTT ATAAAGGTAG AGTTGAGCGG 180 

GTAACTGTCA GCACGTAGAT CGAAAGGTGC ACAAAG GTG GCC CTG GTC GTA CAG 2 34 

Met Ala Leu Val Val Gin 

AAA TAT GGC GGT TCC TCG CTT GAG AGT GCG GAA CGC ATT AGA AAC GTC 2 82 

Lys Tyr Gly Gly Ser Ser Leu Glu Ser Ala Glu Arg He Arg Asn Val 



rTr .^___._„ _„,„.. ww ~ i-rt-oLll.-LTTT GAACGCTGAT 

lltrtZT TTTACTCGGA CGTTGACGGT GTGTATACCG CTGACCCGCG CATCGTTCCT 
20 AATGCACAGA AGCTGGAAAA GCTCAGCTTC GAAGAAATGC TGGAACTTGC TGC"GTTGGC 
TCCAAGATTT TGGTGCTGCG CAGTGTTGAA TACGCTCGTG CAT^AATCT GC^CTTCGC 
^GCTCGT CTTATAGTAA TGATCCCGGC ACTTTGATTG SggSJto GgSgSS? 
CCTGTGGAAG AAGCAGTCCT TACCGGTGTC GCAACCGACA AGTCCG^Sc CAAAGT^r- 
GTTCTGGGTA TTTCCGATAA GCCAGGCGAG GCTGCCAAGG tS-cSt1£ GTTGGCTG3T 
™^ TCA ACATTGACAT GGTTCTGCAG AACGTCTCCT CTGTGG^AGA SScCACC 
^ ATCACGT TCACCTGCCC TCGCGCTGAC GGACGCCGTG CGATGGAGA? CT^GAAG 
CTTCAGGTTC AGGGCAACTG GACCAATGTG CTTTACGACG ACCAC-GTCGG CAAAGTCTCC 
clcrlrr^,t CTGGCATGAA GTCTCACCCA GGTGTTACCG CAGAGTTCAT G^GCT^G 
n G ^ A I G TCA ACGTG *^AT CGAATTGATT TCCACCTCTG AGATCCGCAT TTCCGTGCTG 
ATCCGTGAAG AT GATCTGGA TGCTGCTGCA CGTGCATTGC ATGAGCAGTT CCAGCTG' G^ 
GG f GAAGACG AAGCCGTCGT TTATGCAGGC ACCGGACGCT AAAGTTTT^A AGGAGTA/VTT 
" A ^I GAC CACCATCGCA GTTGTTGGTG CAACCGGCCA GGTCGGCCAG JtTA^CgS 
CCCTTTTGGA flr,ar,rr,raaT TTr-<~<~nr~™*- _ o.i.^ivju^a 
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s s m s si s si ~ sr ~i £ ?n s s; 



60 y M « Leu Leu 



^ n?I ^ ™f! « T *™ TCT AAC OCT CTC o7c C-CC , 



70 



s s si s is si e s i s in si ~i E ?s m 
si sn s s: s si si x z is s Ii s s s 



205 - t 

CGC AGT GTT GAA TAC GCT CGT GCA TTC AAT r- 

JJ. ... v,, »„ Tyi „ srg » £ « ; ;? CO, vz cjc „J « 

TCG TCT TAT AGT AAT GAT CCC GGC ACT «TG r-r -r- . 230 

Ser Ser Tyr se c Asn Asp Pro Gly £ ^ £ ^ - JCT ATC GAG 

GAT ATT CCT GTG GAA GAA GCA GTC CTT lie G~T c— r- ~r- 

A-p He Pro v.J Glu Giu Ala Val ^ J£ ^ - J ^ J£ - AAG 1002 



TCC GAA GCC AAA GTA ACC GTT CTG GGT ATT ir- r— *nr- lt° 

... =i» «. „. ,. t Thr Vll ,« ; » s £ £ £ s SJ s: 

«5 GCT GCC AAG GTT TTC CGT GCG TTG GCT GAT GC" — llr - 

«. jj. , y , v., Phe «, jj ,. u SI £ ™ - - «r « 



ATG GTT CTG CAG AAC GTC TCC TCT rrr -an " 

« - l- cl „ to v. s s s s: e m s s si s 



^ arr. ^ 300 305 



ACG TTC ACC TGC CCT CGC nr*r rnr r-r-» 310 

™. ». The . y , v i ~ si 2; s? ^ si s z tn ii! 



320 325 



330 



GCT GAA CGG ATC GTT GCC ACC AAG AAG GCT GGA , -i ^ 

Ala Glu Arg lie Val M . The Lys Lys 21 g7v 11- ~* » ? ° ° TT 
25 3^ y Gly Asn As P Vai - l/ al Val 

GTC TGC TCC GCA ATG GGA GAC ACC ACG GAT r-n . r-l^ 

val C Y 3 3e, Ala Me, „y Asp Thr ^ ^ ? ^ ^ ™ ^ ^ -A 379 



426 



Thr Ala GXy G1 u A „ Ile Ser ^ ^ ^ ^ «J ATG OCT ATT GAG . 474 
TCC CTT GGC GCA GAA GCT CAA TCT TT" ACT or -n ^ 85 

... «« « y «. «. «. oa „ S ^T ;l- s o 5 ?, ;:r "I ill °:t 522 

CTC ACC ACC GAG CGC CAC GGA AAC GCA err n-r~ ~, 10 ° 

^ Thc isi «« «J - £ S s; ;:i ^ s ?s s "° 

- sj s 5- ^ s: s s Es: s ^ s m s .=s s «» 

% - - - - ^ ^ - £ si I - - - - 

- - - - - i ?s ?s e ;n s E s si si s E 
s - - i - - - - s ;ii z 5i= -i i si 



666 



714 



7 62 



810 



858 



906 



954 



1050 



109S 



1146 



1194 



55 



21 



EP 0 854 1 89 A2 



20 



30 



35 



AAG AAG CTT CAG GTT CAG GGC AAC TGG ACC AAT G t G ^ 

^ Lys Leu „ yal G1 „ Gly JAT O.C C. . .,C GAC C AC „« 



lln vll ^ f 1 ^ GCT GGC ATG AAG J" „C C" 

Gln Val Gxy Lys „al Ser Leu Val Gly ^ Gly ^ ^ ^ CAC C. 



350 ' — ° 



; A 1290 

Ser His 

355 



' B ~< - - s is k z = m - £ - - - 



'» ATC GAA TTG ATT TCC ACC TCT GAG ATC CGC AT Tcr r— 

J.. «u „u „. ,„ „, ,„ cl „ „. 6 - *JT TCC ■ „ Jjc CJT 

GAA GAT GAT CTG GAT GCT GCT GCA CGT Gra 390 
«- Asp Asp Leu As p M . Ala ^ ^ S ™ - «, CAG TTC CAG 

CTG GGC GGC GAA GAC GAA GCC GTC GTT TM GCA GG~ ar- 
L£U ^ ^ ^ ^ Val Val ™ SI Gly tS S Arg ™ 



Gl« Arg Iie Arg Asn Val Ala Glu Arg Xle Val Ala Thc Lys Lys ^ 
Gly Asn Asp v.l Val Val Val Cys Ser Ala Met Gly Asp Thr Tnr AS p 
Glu L eu Leu Glu Leu Ala Ala Ala Val Asn Pro Val Pro Pro Ala Arg 
Glu Met Asp Met Leu Leu Thr Ala Gly Glu Ar g Al Ser Asn Ala Leu 
V.1 Ala Met Ala Xle Glu Ser Leu Gly Ala gIu Ala Gin Ser Pne T^r 
Gly ser Gin Ala Gly Val Leu Thr Thr oil Ar g „ is Giy Asn £ Arg 
He Val Asp Val Thr Pro Gly Arg Val Arg Glu ^ ^ »J ^ 
^ lie Cys Xle Val Ala Gly Pne Gin Gly Val As., £ slu rhr Arg 
ASP Val Thr Thr Leu Gly Arg Gly Gly Se r Asp Thr Thr Ala Val Ala 
^ ^ f£ ^ *»P V.1 cys Glu Ile Tyr ser Asp^l 

Asp Gly val Tyr Thr Ala Asp Pro Arg lie Val Pre Asn Ala HI Lys 
L-u Glu j. y . Leu ser phe clu Lfiu Lfiu ^ 190 

Ser Lys xi e Leu Val Leu Arg Ser Val Glu Tyr Ala a" Ala Ph 



Val Pro Leu Arg Val Arg s« Ser Tyr Ser Asn Asp P 



e Asn 



:o Gly Thr Leu 



1339 



1434 



1482 



1643 



££££ TATGCGCACC 2££S »« 

TCTTTGCTTC CCCGCGTTCC GCAGGCCGTA AGATTGAATT ACTGTTCSTT 1502 

(2l INFORMATION FOR SEQ ID NO: 5: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 421 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(iij MOLECULE TYPE: protein 
<fi) SEQUENCE DESCRIPTION : SEQ ID NO ■ 5- 
Met Ala Leu Val Val Gin Lys Tyr Gly Gly^ser Leu Glu ^ 
3 10 



55 



22 



75 



20 



BP 0 854 189 A2 



22b 230 235 240 

lie Ala Gly Ser Met Glu Asp He Pro Va 1 Giu Glu Ala Val Leu Thr 

245 250 255 

Gly Val Ala Thr Asp Lys Ser Glu Ala Lys Val Thr Val Leu Gly He 

260 265 270 

Ser Asp Lys Pro Gly Giu Ala Ala Lys Val Phe Arg Ala Leu Ala Asp 

275 280 235 

Ala .Giu lie Asn lie Asp Met Val Leu Gin Asn Val Ser Ser Val Glu 

290 295 300 

Asp Gly Thr Thr Asp He Thr Phe Thr Cys Pro Arg' Ala Asp Glv Arg 
305 310 " 315 " 320 

Arg Ala Met Glu He Leu Lys Lys Leu Gin Val Gin Gly Asn Trp Thr 

325 330 335 

Asn Val Leu Tyr Asp Asp Gin Val Gly Lys Val Ser Leu Val Glv Ala 

340 345 350 

Gly Met Lys Ser His Pro Gly Val Thr Ala Glu Phe Mer Glu Ala Leu 

355 360 365 

Arg Asp Val Asn Val Asn He Glu Leu He Ser Thr Ser Glu He Arg 

370 375 380 

He Ser Val Leu He Arg Glu Asp Asp Leu Asp Ala Ala Ala Arg Ala 
395 390 39*5 400 

Leu His Glu Gin Phe Gin Leu Gly Gly Glu Asp Glu Ala Val Val Tyr 

405 410 415 

Ala Gly Thr Gly Arg 
420 

25 (2) INFORMATION FOR SEQ ID NO : 6 : 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 1643 bases 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: double 

( D ) TO POLOGY : linear 

30 <ii) MOLECULE TYPE: genomic DNA 

(vi) ORIGINAL SOURCE: 

(A) ORGANISM: Brevibacterium lactofeoentum 

(B) STRAIN : ATCC 13869 
(ix) FEATURE: 

(A) NAME/KEY: CDS 

(B) LOCATION: 964.. 1482 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 6: 
TCGCGAAGTA GCACCTGTCA CTTTTGTCTC AAAT AT T AAA TCGAATATCA AT AT AC GGT C 60 
TGTTTATTGG AACGCATCCC AGTGGCTGAG ACGCATCCGC TAAAGCCCCA GGAACCCTGT 12 0 

GCAGAAAGAA AACACTCCTC TGGCTAGGTA GACACAGTTT ATAAAGGTAG AGTTGAGCGG 130 
40 GTAACTGTCA GCACGTAGAT CGAAAGGTGC ACAAAGGTGG CCCTGGTCGT -ACAGAAATAT 2 40 

GGCGGTTCCT CGCTTGAGAG TGCGGAACGC AT T AGAAAC G TCGCTGAACG GATCGTTGCC 300 
ACCAAGAAGG CTGGAAATGA TGTCGTGGTT GTCTGCTCCG CAATGGGAGA C AC CAC G GAT 3 60 

GAACTTCTAG AACTTGCAGC GGCAGTGAAT CCCGTTCCGC CAGCTCGTGA AATGGATATG 42 0 

CTCCTGACTG CTGGTGAGCG TATTTCTAAC GCTCTCGTCG CCATGGCTAT TGAGTCCCTT 4 90 

GGCGCAGAAG CTCAATCTTT CACTGGCTCT CAGGCTGGTG TGCTCACCAC CGAGCGCCAC 54 0 

45 GGAAACGCAC GCATT GTT G A CGTCACACCG GGTCGTGTGC GTGAAGCACT C GAT GAGGGC 600 

AAGATCTGCA TTGTTGCTGG TTTTCAGGGT GTTAATAAAG AAACCCGCGA TGTCACCACG 660 
TTGGGTCGTG GTGGTTCTGA CACCACTGCA GTTGCGTTGG CAGCTGCTTT GAAC GCTGAT 7 20 

GTGTGTGAGA TTTACTCGGA CGTTGACGGT GTGTATACCG CTGACCCGCG CATC GTT CCT 7 80 

AAT GC AC AG A AGCT GGAAAA GCTCAGCTTC GAAGAAATGC TGGAACTTGC TGCT GTTGGC 8 40 

TCCAAGATTT TGGTGCTGCG CAGTGTTGAA TACGCTCGTG CATTCAATGT GCCACTTCGC 900 
GTACGCTCGT CTTATAGTAA TGATCCCGGC ACTTTGATTG CCGGCTCTAT GGAGGATATT 960 
CCT GTG GAA GAA GCA GTC CTT ACC GGT GTC GCA ACC GAC AAG TCC GAA 1008 
Met Glu Glu Ala Val Leu Thr Gly Val Ala Thr Asp Lys Ser Glu 
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w 



30 



35 



40 



50 



1 



s z s s e s e E e s - s - = s s 

E S E 5 5 = E = S E S E K E E E 
= S S E E E E E E E E E S S E E 
E E S 5 E E E E E S S E S S E E 
.= E S E E E E E S E E E E E S E 
E E E E E S E E E E E E E S E E 



TTG ATT TCC ACC TCT GAG ATC CGC ATT TCC G t G CTr — I, 
Leu He ser Thr Ser Glu He Arc III TJl ff f Alt CGT GAA GAT 
130 Jff 116 Jer Val Leu Arg Glu Asp 

^ ^ ™ G " G 5 A CGT GC - ™ CAT GAG CAG "° 



1S5 

AGGAGTAGTT TTACAATGAC CACCATCGCA GTTGTTGGTr 

GTTATGCGCA CCCTTTTGGA AGAGCGCAAT Ulcllrrlr ^'^^ GGT CGGCCAG 155 0 
TCCCCGCGTT CCGCAGGCCG TAAGaSgS 5c ACA " GTTCG "TCTTTGCT 1610 



(2) INFORMATION FOR SEQ ID NO: 7: 

(i) SEQUENCE CHARACTERISTICS- 

(A) LENGTH: 172 amino acids 

(B) TYPE : amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: protein 
Mef SEQUENCE DESCRIPTION : SEQ ID NO: 7- 

Lys Val Thr .Val Leu Gly I le ser As F Lys" Pro cly Giu Ala £ Lys 
V.1 Phe Arg Ala Leu Aia Asp Ala ^ Ile Asn Ile Asp ^ ^ 
Gin Asn val Se r Ser Val Glu Asp Gly Thr Thr Asp i" Thr Phe Thr 
cys Pro Arg Ala Asp Gly Arg Arg Ala Met Glu £°. Leu Lys Lys Leu 
Gin val Gin Gly Asn Tr P Thr Asn Val Leu Tyr Asp Asp Gln Val G £ 
Lys v.! ser Leu Val Gly Ala Gly Met Lys Ser His Pre Cly vS Thr 
Ala Glu Phe Met Glu Ala Leu Arg Asp" Val Asn Val Asn £ Glu Leu 



125 



1056 
1104 
1152 
1200 



1296 



ACC GCA GAG TTC ATG GAA GCT CTG CGC -AT rrr nnr- 1±0 
Thr Ala Glu P he Met Glu Ala Ju Arg £J vll J£ ^ ™ *™ ^ l3 « 
115 ^ F VdX MSli "31 .nsn ile Glu 



139: 



- - P i., ^ „. Aia „. « ~ e E E E E 

E E E E E E E E S E E E E ™™ " 50 
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He Ser Thr Ser Glu lie Arg He Ser Val Leu lie Arc Glu Asp A.sp 

13G 135 

Leu Asd Ala Ala Ala Arq Ala Leu His Giu Gin ?he Gin Leu Giy Giy 

!45 * 150 155 160 

Glu Asd Giu Ala Val Val Tyr Ala Giy Thr Giy Arg 
165 170 

(2) INFORMATION FOR SEQ ID NO : 8 : 

(i) SEQUENCE CHARACTERISTICS: 
w (A) LENGTH: 23 bases 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 

(A) DESCRIPTION: /desc = "synthetic DNA M 
15 (iv) ANTI-SENSE: no 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: S: 
GGATCCCCAA TCGATACCTG GAA 

(2) INFORMATION FOR SEQ ID NO : 9 : 

(i) SEQUENCE CHARACTERISTICS : 
20 {A) LENGTH: 23 bases 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 

(A) DESCRIPTION: /desc = "synthetic DMA" 
(iv) ANTI-SENSE: yes 

(Xi) SEQUENCE DESCRIPTION: SEQ ID MO: 9: 
CGGTTCATCG CCAAGTTTTT CTT 



25 



30 



SO 



23 



(2) INFORMATION FOR SEQ ID NO: 10: 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 2001 bases 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: double 

(D) TOPOLOGY : linear 

(ii) MOLECULE TYPE: genomic DNA 
35 (vii ORIGINAL SOURCE: 

(A) ORGANISM: Brevibacteriun iacto f err.entum 

(B) STRAIN : ATCC 13369 
(ix) FEATURE: 

(A) NAME /KEY : CDS 

(B) LOCATION: 730.. 1473 

40 (xil SEQUENCE DESCRIPTION: SEQ ID NO: 10: 

GGATCCCCAA TCGATACCTG GAACGACAAC CTGATCAGGA TAT " C AAT GC CTT GAATATT 60 
G AC GT T GAG G AAGGAATCAC CAGCCATCTC AACTGGAAGA CCT3ACGCCT GCTGAATTGG 120 
ATC AGTGGCC CAATCGACCC ACCAACCAGG TTGGCTATTA C C G 3 C GAT AT CAAAAACAAC 180 
TCGCGTGAAC GTTTCGTGCT CGGCAACGCG GATGCCA3CG ATCC- AC AT AT CGGAGTCACC 2 40 

AACTTGAGCC TGCTGCTTCT GAT C CAT C G A CGGGGAACCC AACSGCGGCA AAGCAGTGGG 300 
45 GGAAGGGGAG TTGGTGGACT CTGAATCAGT GGGCTCTGAA G7GGTAGGCG ACGGGGCAGC 360 

ATCTGAAGGC GTGCGAGTTG TGGTGACCGG GTTAGCGGTT TCAGTTTCTG TCACAACTGG 420 
AGCAGGACTA GCAGAGGTTG TAGGCGTTGA GCCGCTTCCA 7CACAAGCAC TTAAAAGTAA 430 
AGAGGCGGAA AC CACAAGC G CCAAGGAACT ACCTGCGGAA CGGGCGGTGA AGGGCAACTT 540 
AAGT CT CAT A TTTCAAACAT AGTTCCACCT GTGTGATTAA T C TC C AGAAC GGAACAAACT 600 
GATGAACAAT CGTTAACAAC AC AG AC C AAA ACGGTCAGTT A G GT AT GG AT ATCAGCACCT 650 
TCTGAATGGG TACGTCTAGA CTGGTGGGCG TTTGAAAAAC TCTTCGCCCC ACGAAAATGA 72 0 

AGGAGCATA ATG GGA ATC AAG GTT GGC GTT CTC GGA GCC AAA GGC CGT 768 
Met Giy He Lys Val Giy Val Leu Giy .Ala Lys Giy Arg 
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1 5 



- . " i SS S X X £ S z k e - 2 - .» 

3 - - - - i - - - 5 I- i 21 = - - - 

. - £ s s: si ~ « « ~ £ s - r ™ ™ - 

50 ln " p ~° As . n Ala Val Met 

GGC AAC CTC- GAG TTC TGC ATC AAC AAC GGC »r T r c ^ r -„ 6C 

A S n Leu Glu Phe cys Ile Asn ..^ -C. GTT GTT GGA. 

ACC ACG GGC TTC GAT GAT GCT CGT r„ 75 

.h. «, ». a , P A , p « £ ^ « £ -f « «. «„ 

oc ~ ~ - -^-1.3 i rp Leu 

™ 00,1 *» MC SAT GTC GGT GTT Ct G m- " 

WB "r Ly * asp «- ?jj *I & £ £ K s •» 1056 

TCT GCG GTG TTG ACC ATG GTC TTT Trr - ar - 105 

Ala Val Leu Tn r „ et V £ £ J« ^ ^ £J fff £ C ™ 

1U 115 r * n ^ d --s .^rg Phe Phe 



25 



30 



35 



40 



45 



50 



S60 



1008 



I 7 C 



1104 

iAJ ^ d ~— a Ara Phe Ph- 

C-AA TCA GCT GAA GTT ATT GAG CTG CAC CAC c~~ - 12 

Glu Ser Ala Glu Val n e Glu ^ «J JfJ ^ — ? TG OAT GCA U52 

130 .,f " sn -/ s -eu Aso Ala 

CCT TCA GGC ACC GCG ATC CAC ACT GCT rlr r~ » ' 

~ 0l " i;i ~ »• « s ss s ;n « s s ~ — 

155 

CAG GCA C7T 124 8 

165 ' G _" Gin Aia Leu 



CGC ATG TCC GGC ATG GTT GCT CAC GAG CA, — ^ 

X! Met sec »' - - - - SI v a i S J3; - - - 1344 

Glv rf° ^ TTG ACC ATC *™ «G GAC TCC Ta" GA 205 

«> Gin Thr Leu Thr U e Lys Gin Asp j£ ^ ^ ^ C «T 1392 

210 K yr — ? Ser Phe 

GCA CCA GGT GTC TTG GTG GGT GTr err III 220 

Al. Pro G1 V val Leu Val ^ ^ ^ ™ ATT GCA CAC- CAC CCA GGC 1440 

225 xe -"us Pro Gly 

CTA GTC GTA GGA CTT GAG CAT TAC CTA GGC r- — 235 

31 Gly LCU G1U Hi. Tyr llu Gly Su iAmMSC7C * "TCAGCAGC 1 493 

A ?T C di GAA — ~t 1553 

TGAGGGCGCG GAAGC^CTCG TCgIgT^GC SScGTGrl ° TTSAS "^ CAACTGATGT 1 6 " 

?Jc G ™ T CGAACTGC " CCAATGC^GC ££££££ ""TGATAA 1S JJ 

GJrrr^I 0 CTTGAGC *TG CCAATGCCAC GATctI?",- c-Ar""-- 3 AAGTGGGG CA 1733 

rrf^ TGAA TTGG TCCGAC ACCGCCATTT TTCCT^C-'ct r^^"" CTCGGT CCGC 1793 

TGMrTTT^ GAATCGGAAG TAGTGGTGCC ScSca" ^fir TC AG CGTTrCGT 1853 

GCT^rlUr ATGCACGC « TGGATGAGTC TcSScgc? ? A :^?I C GGG AGTTGCG 1913 
GCTGGAAGAA AAACTTGGCG ATGAACCG T.w^^gc TGCTTAATGC 

' 21 INFORMATION FOR SEQ ID NO • 1 1 • 
(1) SEQUENCE CHARACTERISTICS: 



1973 
2001 
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(A) LENGTH: 2 48 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 



(ii» MOLECULE TYPE : protein 

(Xi) SEQUENCE DESCRIPTION: SEC* ID NO: 11: 



Met 


Gly 


He 


Lys 


Val 


Gly 


Val 


Leu 


Gly 


Ala 


Lys 


Giy 


Arc 


val 


Gly 


Gin 


1 








5 










10 










15 




Thr 


He 


val 


Ala 


Ala 


Val 


Asn 


Glu 


Ser 


Asp 


Asp 


Leu 


Glu 


Leu 


Val 


Ala 








20 










25 










30 






Giu 


He 


Gly 


Val 


Asp 


Asp 


Asp 


Leu 


Ser 


Leu 


Leu 


Val- 


Asp 


Asn 


Gly Ala 






35 










40 


















Glu 


Val 


Val 


Val 


Asp 


Phe 


Thr 


Thr 


Pro 


Asn 


.Ala 


val 


Met 


Giy 


Asn 


Leu 




50 










55 










60 










Glu 


Phe 


Cys 


He 


Asn 


Asn 


Gly 


He 


Ser 


Ala 


Val 


Val 


Giy 


Thr 


Thr 


Gly 


65 










70 










75 










80 


Phe 


Asp 


Asp 


Ala 


Arg 


Leu 


Glu 


Gin 


Val 


Arg 


Ala 


Trp 


Leu 


Glu 


Gly 


Lys 










85 










90 










95 




Asp 


Asn 


val 


Gly 


val 


Leu 


He 


Ala 


Pro 


Asn 


Phe 


Ala 


He 


Ser 


Ala 


Val 








100 










105 










110 






Leu 


Thr 


Met 


Val 


Phe 


Ser 


Lys 


Gin 


Ala 


Ala 


Arg 


?he 


Phe 


Glu 


Ser 


Ala 






115 










120. 










125 








Glu 


Val 


lie 


Glu 


Leu 


His 


His 


Pro 


Asn 


Lys 


Leu 


Asp 


Ala 


Pro 


Ser 


Gly 




130 










135 










1 4 0 










Thr 


Ala 


He 


His 


Thr 


Ala 


Gin 


Gly 


He 


Ala 


Ala 


Ala 


Arg 


Lys 


Glu 


.Ala 


145 










150 










155 










160 


Gly 


Met 


Asp 


Ala 


Gin 


Pro 


Asp 


Ala 


Thr 


Glu 


Gin 


Ala 


Leu 


Glu 


Gly 


Ser 










165 










170 










175 




Arg 


Gly 


Ala 


Ser 


Val 


Asp 


Gly 


He 


Pro 


Val 


His 


Ala 


Val 


Arg 


Met 


Ser 








180 










185 










190 






Gly 


Met 


Val 


Ala 


His 


GlU 


Gin 


Val 


He 


Phe 


Gly 




Gin 


Giy 


Gin 


Thr 






1S5 










200 










205 








Leu 


Thr 


He 


Lys 


Gin 


Asp 


Ser 


Tyr 


Asp 


Arg 


Asn 


Ser 


Phe 


Ala 


Pre 


Gly 




210 










215 










220 










Val 


Leu 


Val 


Gly 


Val 


Arg 


Asn 


He 


Ala 


Gin 


His 


Pre 


Gly 


Leu 


Val 


Val 


225 










230 










2 35 










240 


Gly 


Leu 


Giu 


His 


Tyr 


Leu 


Gly 


Leu 



















245 



(2) INFORMATION FOR SEQ ID NO: 12: 
<i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 23 bases 
{ B ) TYPE: nucleic acid 
(C) STRANDEDNESS: single 
<D) TOPOLOGY: linear 
(ii) MOLECULE TYPE: other nucleic acid 

(A) DESCRIPTION: /desc = "synthetic DMA" 
(iv) ANTI-SENSE: no 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 12: 
GTCGACGGAT CGCAAATGGC AAC 

(2) INFORMATION FOR SEQ ID NO: 13: 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 23 bases 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 
<D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: ether nucleic acid 

(A) DESCRIPTION: /desc = "synthetic DNA" 
(iv) ANTI-SENSE: yes 
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<xi) SEQUENCE DESCRIPTION: SEQ ID NO: 13; 
GGATCCTTGA GCACCTTGCG CAG 



23 



60 
120 
130 
240 
300 
349 



397 



5 (2) INFORMATION FOR SEQ ID NO: 14: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 1411 bases 

( B ) TYPE: nucleic acid 

(C) STRANDEDNESS: double 
fD> TOPOLOGY: linear 

w Ui) MOLECULE TYPE: genomic DNA 

(vi) ORIGINAL SOURCE: 

(A) ORGANISM: Brevibacterium lactcf ermentum 

(B) STRAIN: ATCC 13869 
(ix) FEATURE: 

(A) NAME/ KEY : CDS 

(B) LOCATION: 311.. 1213 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 14: 

CT C T C GAT AT CGAGAGAGAA GCAGCGCCAC GGTTTTTCGG TGATTTTGAG AT T G AAACT T 
TGGCAGACGG ATCGCAAATG GCAACAAGCC C GT AT GT CAT GGACTTTTAA CGCAAAGCTC 
ACACCCACGA GCTAAAAATT CAT AT AG T T A AGACAACATT TTTGGCTGTA AAAGACAGCC 
GT AAAAAC C T CTTGCTCATG TCAATTGTTC TTATCGGAAT GTGGCTTGGG CGATTGTTOT 
GCAAAAGTTG TTAGGTTTTT TGCGGGGTTG TTTAACCCCC AAATGAGGGA AGAAGGTAAC 
CTTGAACTCT ATG AGC ACA GGT TTA ACA GCT AAG ACC GGA GTA GAG CAC 
Met Ser Thr Gly Leu Thr Ala Lys Thr Glv Val Glu s 

TTC GGC ACC GTT GGA GTA GCA ATG GTT ACT CCA TTC ACG GAA TCC GGA 
Phe Gly Thr Val Gly Val Ala Met Val Thr Pro Phe Thr Glu Ser Glv 

15 20 25 

GAC ATC GAT ATC GCT GCT GGC CGC GAA GTC GCG GCT TAT TTG GTT GAT 4 45 

Asp He Asp He Ala Ala Gly Arg Glu Val Ala Ala Tvr Leu Val ^ SD 
30 35 40 45 

AAG GGC TTG GAT TCT TTG GTT CTC GCG GGC ACC ACT GGT GAA TCC CCA 
Lys Gly Leu Asp Ser Leu Val Leu Ala Gly Thr Thr' Gly Gi u Ser Pro 

50 55 60 

ACG ACA ACC GCC GCT GAA AAA CTA GAA CTG CTC AAG GCC GTT CGT GAG 
Thr Thr Thr Ala Ala Glu Lys Leu Glu Leu Leu Lys Ala Val Arg Glu 
6 5 7 0 

^ GAA GTT GGG GAT CGG GCG AAC GTC ATC GCC GGT GTC GGA ^CC AAC AAC -39 

Glu Val Gly Asp Arg Ala Asn Val He Ala Gly Val Glv Thr Asn Asn 

8C 85 90 

ACG CGG ACA TCT GTG GAA CTT GCG GAA GCT GCT GCT TCT GCT GGC GCA 
Thr Arg Thr Ser Val Glu Leu Ala Glu Ala Ala Ala Ser Ala Gly Ala 

95 100 105 

GAC GGC CTT TTA GTT GTA ACT CCT TAT TAC TCC AAG CCG AGC CAP GAG 
Asp Gly Leu Leu Val Val Thr Pro Tyr Tyr Ser Lys Pro Ser Gin G^u 
110 115 120 ii 5 

GGA TTG CTG GCG CAC TTC GGT GCA ATT GCT GCA GCA ACA GAG GTT CCA 
Gly Leu Leu Ala His Phe Gly Ala He Ala Ala Ala Thr Glu Val Pre 
130 135 14 n 

45 ATT TGT CTC TAT GAC ATT CCT GGT CGG TCA GGT ATT CCA ATT GAG TCT 

He Cys Leu Tyr Asp He Pro Gly Arg Ser Gly He Pro He Glu Ser 

145 150 155 

GAT ACC ATG AGA CGC CTG AGT GAA TTA CCT ACG ATT TTG GCG GTC AAG 
Asp Thr Met Arg Arg Leu Ser Glu Leu Pro Thr He Leu Ala Val Lvs 

160 165 170 

GAC GCC AAG GGT GAC CTC GTT GCA GCC ACG TCA TTG ATC AAA GAA ACG 
Asp Ala Lys Gly Asp Leu Val Ala Ala Thr Ser Leu He Lys Glu Thr 
1 ? 5 180 185 



55 



493 



41 



637 



685 



33 



81 



829 



877 



28 
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GGA CTT GCC TGG TAT TCA GGC GAT GAC CCA CTA AAC CTT GTT T3G CTT 92 5 

Gly Leu Ala Trp Tyr Ser Gly Asp Asp Pro Leu Asn Leu Val Trp Leu 
!90 195 200 ' 205 

GCT TTG GGC GGA TCA GGT TTC ATT TCC GTA ATT GGA CAT GCA GCC CCC 973 
Ala Leu Gly Giy Ser Gly Phe lie Sec Val He Gly His Ala Ala Pro 

210 215 220 

ACA GCA TTA CGT GAG TTG TAC ACA AGC TTC GAG GAA GGC GAC CTC GTC 1021 
Thr Ala Leu Arg Glu Leu Tyr Thr Ser Phe Glu Glu Glv Asd Leu Val 

225 230 " 235 

CGT GCG CGG GAA. ATC AAC GCC AAA CTA TCA CCG CTG GTA GCT GCC CAA 105? 
Arg Ala Arg Glu He Asn Ala Lys Leu Ser Pro Leu Val Ala Ala Gin 

240 245 250 

GGT CGC TTG GGT GGA GTC AGC TTG GCA AAA GCT GCT CTG CGT CTG CAG 1117 
Gly Arg Leu Giy Gly Val Ser Leu Ala Lys Ala AJ.a Leu Arg Leu Gin 

255 260 265 

GGC ATC AAC GTA GGA GAT CCT CGA CTT CCA ATT ATG GCT CCA AAT GAG 1155 
Gly lie Asn Val Gly Asp Pro Arg Leu Pro He Met .Ala ?rc Asn Glu 
270 275 2S0 295 

CAG GAA CTT GAG GCT CTC CGA GAA GAC ATG AAA AAA GCT GGA GTT CTA 1213 
Gin Glu Leu Glu Ala Leu Arg Glu Asp Met Lys Lys Ala Glv Val Leu 

290 . * 295 " " 300 

TAAATA7GAA T GAT TCC CGA AATCGCGGCC GGAAGGTTAC CCGCAAC-GCG GCCCACCAGA 127 3 
AGCTGGTCAG GAAAAC CAT C TGGATACCCC TGTCTTTCAG GC AC C AG AT G CTTCCTCTAA 133 3 
CCAGAGCGCT GTAAAAGCTG AGACCGCCGG AAACGACAAT CGGGATGCTG CGCAAGGTGC 1393 
TCAAGGATCC CAACATTC 1411 

25 i2) INFORMATION FOR SEQ ID NO:15: 

(l) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 301 amino acids 

(B) TYPE: amino acid 
{ D } TO POLOGY .-linear 

(ii) MOLECULE TYPE: protein 
30 (*i) SEQUENCE DESCRIPTION: SEQ ID NO: 15: 

Met Ser Thr Gly Leu Thr Ala Lys Thr Gly Val Glu His Phe Giy Thr 

15 10 15 

Val Gly Val Ala Met Val Thr Pro Phe Thr Glu Ser Glv Asp He Asp 

20 25 " 30 

He Ala Ala Gly Arg Glu Val Ala Ala Tyr Leu Val Asp Lvs Gly Leu 
35 3 5 40 4 5 

Asp Ser Leu Val Leu Ala Gly Thr Thr Gly Glu Ser Pro Thr Thr Thr 

50 55 60 

AJ.a Ala Glu Lys Leu Glu Leu Leu Lys Ala Val Arg Giu Glu Val Gly 
65 70 75 90 

Asp Arg AJ.a Asn Val He AJ.a Gly Val Gly Thr Asn Asn Thr Arg Thr 

85 90 95 

Ser Val Glu Leu Ala Glu Ala Ala Ala Ser Ala Gly Ala Asp Gly Leu 

100 105 110 

Leu Val Val Thr Pro Tyr Tyr Ser Lys Pro Ser Gin Glu Giy Leu Leu 

115 " 120 125 

Ala His Phe Gly Ala He Ala Ala Ala Thr Glu Val Pro He Cys Leu 

130 135 140 

Tyr Asp He Pro Gly Arg Ser Gly He Pro He Giu Ser Asp Thr Met 
145 150 155 16C 

Arg Arg Leu Ser Glu Leu Pro Thr He Leu Ala Val Lys Asp Ala Lys 

165 170 * 175 

Gly Asp Leu Val Ala Ala Thr Ser Leu lie Lys Giu Thr Gly Leu Ala 

180 185 190 

Trp Tyr Ser Gly Asp Asp Pro Leu Asn Leu Val Trp Leu Ala Leu Gly 



40 



45 



50 



55 
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195 










200 










205 








Gly 


Ser 
210 


Gly 


Phe 


I le 


Ser 


Val 
215 


He 


Gly 


His 


Ala 


.Ala 
220 


Pre 


Thr 


Ala 


Leu 


5 Ar <? 

225 


Glu 


Leu 


Tyr 


Thr 


Ser 
230 


Phe 


Glu 


Glu 


Gly 


Asp 
2 35 


Leu 


Val 


Arg 


Ala 


Arg 
24D 


Glu 


He 


Asn 


Ala 


Lys 


Leu 


Ser 


Pro 


Leu 


Val 


Ala 


Ala 


Gin 


Gly 


Arg 


Leu 


Gly 








245 










250 








255 




Gly 


val 


Ser 


Leu 


Ala 


Lys 


Ala 


Ala 


Leu 


Arc 


Leu 


Gin 


Gly 


He 


Asn 








260 










265 










270 




W Val 


Gly 


Asp 


Pro 


Arg 


Leu 


Pro 


He 


Met 


Ala 


Pro 


Asn 


Glu 


C-ln 


Glu 


Leu 


Glu 


Ala 


27*5 










280 










235 






Leu 


Arg 


Glu 


Asp 


Met 


Lys 


Lys 


Ala 


Gly 


Val 


Leu 










290 










295 








300 











(2) INFORMATION FOR SEQ ID NO: 16: 
'5 (i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 23 bases 
O) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 
(ii) MOLECULE TYPE: other nucleic acid 

<A) DESCRIPTION: /desc = "synthetic DMA" 
(iv) ANTI-SENSE: no 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 16: 
GTGGAGCCGA CCATTCCGCG AGG 



20 



25 



30 



35 



(2) INFORMATION FOR SEQ ID NO: 17: 
(1) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 23 bases 
(3) TYPE: nucleic acid 
CO STRANDEDNESS: single 
ID) TOPOLOGY: linear 
(ii) MOLECULE TYPE: other nucleic acid 

(A) DESCRIPTION: /desc = "synthetic DNA*' 
(iv) ANTI-SENSE: yes 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NC : 17: 
CCAAAACCGC CCTCCACGGC GAA 23 

(2) INFORMATION FOR SEQ ID NO: 18: 
(1) SEQUENCE CHARACTERISTICS : 
iA) LENGTH: 3579 bases 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: double 
CD) TOPOLOGY: linear 

40 (ii) MOLECULE TYPE: genomic DNA 

(VI) ORIGINAL SOURCE: 

(A) ORGANISM: Brevibacterium lactof ermentun 
iB) STRAIN: ATCC 13869 
<ix) FEATURE: 

(A) NAME /KEY : CDS 
45 (B) LOCATION: 533. .2182 

(i:<) FEATURE: 

■A) NAME/KEY: CDS 
:B) LOCATION: 2188.. 3522 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 18: 
GTGGAGCCGA CCATTCCGCG AGGCT GCACT GCAACGAGGT CGTAGTTTTG GTACATGGCT 50 
TCTGGCCAGT T C AT GG AT T G GCTGCCGAAG AAGCTATAGG CATCGCACCA GGGCCACCGA 120 
GTTACCGAAG ATGGTGCCGT GCTTTTCGCC TTGGGCAGGG ACCTTGACAA AGCCCACGCT 130 
GATATCGCCA AGT GAG GGAT CAGAATAGTG CAT GGGC AC G TCGATGCTGC CACATTGAGC 2 40 

55 



50 



30 



10 



15 



40 



300 



533 



63] 



775 
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GGAGGCAATA TCTACCTGAG GTGGGCATTC TTCCCAGCGG ATG7TTTC77 GCGC7GCTGC JUV/ 
AGTGGGCATT GATACCAAAA AGGGGCTAAG CGCAGTCGAG GCGGCAAGAA CTGC"^CT^C 3 60 

CCTTTTTATT GTCGAACGGG GCATTACGGC TCCAAGGACG TTTGTTTTCT GGGTCAGTTA 4 20 

CCCCAAAAAG CATATACAGA GACCAATGAT TTTTCATTAA AAAGGCAGGG ATT TGT TATA 4 30 

AGTATGGGTC GTATTCTGTG CGACGGGTGT ACCTCGGCTA GAA7 T T C 7 C C CC A7G 53 5 

Met 
1 

ACA CCA GCT GAT CTC GCA ACA 77G ATT AAA GAG ACC GCG GTA GAG GTT 
Thr Pro Ala Asp Leu Ala Thr Leu He Lys Glu Thr .Ala Val Glu Vai 

5 10 15 

TTG ACC TCC CGC GAG CTC GAT ACT TCT GTT CTT CCG GAG CAG GTA GTT 
Leu Thr Ser Arg Glu Leu Asp Thr Ser Val Leu Pro Glu Gin Val Va< 

20 25 30 

oTG GAG CGT CCG CGT AAC CCA GAG CAC GGC GAT TAG GCC ACC AAC ATT 67 9 

Val Glu Arg Pro Arg Asn Pro Glu Kis Gly Asp Tyr .Ala Thr Asn He 

35 40 * 45 

GCA TTG CAG GTG GCT AAA AAG GTC GGT CAG A^C CCT CGG GAT TTG GCT 727 
Ala Leu Gin Val Ala Lys Lys Val Gly Gin Asn Pro Arg Aso Leu Al = 
50 55 60 * 65 

ACC TGG CTG GCA GAG GCA TTG GCT GCA GAT GAC GCC ATT GAT TCT GCT 
20 Thr Trp Leu Ala Glu Ala Leu Ala Ala Asp Asp Ala He Aso Ser Ala 

70 75 " SO 

GAA ATT GCT GGC CCA GGC TTT TTG AAC ATT CGC CTT GCT GCA GCA GCA 32 3 

Glu He Ala Gly Pro Gly Phe Leu Asn He Arg Leu Ala Ala Ala Ala 

85 90 95 

CAG GGT GAA ATT GTG GCC AAG ATT CTG GCA CAG GGC GAG ACT 7TC GGA 871 
25 Gln Gi y Glu He Val Ala Lys He Leu Ala Gin Glv Glu Thr Phe Glv 

100 1C5 " no 

AAC TCC GAT CAC CTT TCC CAC TTG GAC GTG AAC CTC GAG TTC GTT TCT 919 
Asn Ser Asp His Leu Ser His Leu Asp Vai Asn Leu Glu =>*~ Val Ser 

115 120 125 

GCA AAC CCA ACC GGA CCT ATT CAC CTT GGC GGA ACC CGC TGG GCT GCC 9 67 

Ala Asn Pro Thr Gly Pro He His Leu Gly Glv Thr Arg Tro Ala Ala 
130 135 140 ' -45 

GTG GGT GAC TCT TTG GGT CGT GTG CTG GAG GCT ZZC GGC GCG AAA GTG 
Val Gly Asp Ser Leu Gly Arg Val Leu Glu Ala Ser Giy Ala Lys Vai 
150 155 " 160 

35 ACC CGC GAA TAC TAC TTC AAC GAT CAC GGT CGC CAG ATC GAT CGT TTC 1063 

Thr Arg Glu Tyr Tyr Phe Asn Asp His Gly Arg Glr. lie Asp Arg Phe 

165 170 175 

GCT TTG TCC CTT CTT GCA GCG GCG AAG GGC GAG CCA ACG CCA GAA GAC 1111 
Ala Leu Ser Leu Leu Ala Ala Ala Lys Gly Glu Pro Thr Pro Glu Asp 

180 185 190 

GGT TAT GGC GGC GAA TAC ATT AAG GAA ATT GCG GAG GCA ATC GTC GAA 115 9 

Gly Tyr Gly Gly Glu Tyr He Lys Glu He Ala Glu Ala He Val Glu 

195 200 205 

AAG CAT CCT GAA GCG TTG GCT TTG GAG CCT GCC GCA ACC CAG GAG CTT 12 07 

Lys His Pro Glu Ala Leu Ala Leu Glu Pro Ala .Ala Thr Gin Glu Leu 
210 215 220 225 

45 TTC CGC GCT GAA GGC GTG GAG ATG ATG TTC GAG CAC ATC AAA TCT TCC 1255 

Phe Arg Ala Glu Gly Val Glu Met Met Phe Glu His He Lys Ser Ser 

230 235 240 

CTG CAT GAG TTC GGC ACC GAT TTC GAT GTC TAC TAC CAC GAG AAC TCC 1303 
Leu His Glu Phe Gly Thr Asp Phe Asp Val Tvr Tvr His Glu Asn Ser 
245 250 * 255 

~° CTG T TC GAG TCC GGT GCG GTG GAC AAG GCC GTG CAG GTG CTG AAG GAC 1351 

Leu Phe Glu Ser Gly Ala Val Asp Lys Ala Val Gin Vai Leu Lys Asp 
260 265 270 
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w 



15 



35 



40 



45 



50 



AAC GGC AAC CTG TAC GAA AAC GAG GGC GCT TGG TGG CTG CGT TCC ACC 
Asn Gly Asn Leu Tyr Glu Asn Glu Gly Ala Trp Trp Leu A~g Ser Thr 

275 280 285 
GAA TTC GGC GAT GAC AAA GAC CGC GTG GTG ATC AAG TCT GAC GGC GAC 
Glu Phe Gly Asp Asp Lys Asp Arg Val Val He Lys Ser Asp Gly Asd 
290 295 



1399 



1447 



1495 



1543 



1591 



1639 



1687 



300 305 
GCA GCC TAC ATC GCT GGC GAT ATC GCG TAC GTG GCT GAT AAG TTC TCC 
Ala Ala Tyr He Ala Gly Asp He Ala Tyr Val Ala Asp Lys Phe Ser 

310 315 320 

CGC GGA CAC AAC CTA AAC ATC TAC ATG TTG GGT GCT GAC CAC CAT GGT 
Arg Gly His Asn Leu Asn He Tyr Met Leu Gly Ala Asp His His Gly 

325 330 335 

TAC ATC GCG CGC CTG AAG GCA GCG GCG GCG GCA CTT GGC TAC AAG CCA 
Tyr He Ala Arg Leu Lys Ala Ala Ala Ala Ala Leu Gly Tyr Lys Pro 

340 345 350 

GAA GGC GTT GAA GTC CTG ATT GGC CAG ATG GTG AAC CTG CTT CGC GAC 
Glu Gly Val Glu Val Leu He Gly Gin Met Val Asn Leu Leu Arg Asp 

355 360 365 

GGC AAG GCA GTG CGT ATG TCC AAG CGT GCA GGC ACC GTG GTC ACC CTA 
Gly Lys Ala Val Arg Met Ser Lys Arg Ala Gly Thr Val Val Thr Leu 

20 3 7 0 3 7 5 3 8 0 3 8 5 

GAT GAC CTC GTT GAA GCA ATC GGC ATC GAT GCG GCG CGT TAC TCC CTG 17 3 5 

Asp Asp Leu Val Glu Ala He Gly He Asp Ala Ala Arg Tyr Ser Leu 

390 395 400 

ATC CGT TCC TCC GTG GAT TCT TCC CTG GAT ATC GAT CTC GGC CTG TGG 17 8 3 

He Arg Ser Ser Val Asp Ser Ser Leu Asp He Asp Leu Gly Leu Trp 
25 405 410 dis 

GAA TCC CAG TCC TCC GAC AAC CCT GTG TAC TAC GTG CAG TAC GGA CAC 1831 
Glu Ser Gin Ser Ser Asp Asn Pro Val Tyr Tyr Val Gin Tyr Gly His 

4 20 425 430 

GCT CGT CTG TGC TCC ATC GCG CGC AAG GCA GAG ACC TTG GGT GTC ACC 187 9 

Ala Arg Leu Cys Ser He Ala Arg Lys Ala Glu Thr Leu Gly Val Thr 
30 435 440 445 

GAG GAA GGC GCA GAC CTA TCT CTA CTG ACC CAC GAC CGC GAA GGC GAT 1927 
Glu Glu Gly Ala Asp Leu Ser Leu Leu Thr His Asp Arg Glu Gly Asp 
450 455 460 465 

CTC ATC CGC ACA CTC GGA GAG TTC CCA GCA GTG GTG AAG GCT GCC GCT 1975 
Leu He Arg Thr Leu Gly Glu Phe Pro Ala Val Val Lys Ala Ala Ala 

470 475 480 

GAC CTA CGT GAA CCA CAC CGC ATT GCC CGC TAT GCT GAG GAA TTA GCT 2 023 

Asp Leu Arg Glu Pro His Arg He Ala Arg Tyr Ala Glu Glu Leu Ala 

485 490 495 

GGA ACT TTC CAC CGC TTC TAC GAT TCC TGC CAC ATC CTT CCA AAG GTT 2071 
Gly Thr Phe His Arg Phe Tyr Asp Ser Cys His He Leu Pro Lys Val 

500 505 510 

GAT GAG GAT ACG GCA CCA ATC CAC ACA GCA CGT CTG GCA CTT GCA GCA 2119 
Asp Glu Asp Thr Ala Pro He His Thr Ala Arg Leu Ala Leu Ala Ala 

515 520 525 

GCA ACC CGC CAG ACC CTC GCT AAC GCC CTG CAC CTG GTT GGC GTT TCC 
Ala Thr Arg Gin Thr Leu Ala Asn Ala Leu His Leu Val Gly Val Ser 
530 535 540 545 

GCA CCG ' GAG AAG ATG TAACA ATG GCT ACA GTT GAA AAT ^TC AAT GAA 2214 
Ala Pro Glu Lys Met Met Ala Thr Val Glu Asn Phe Asn Glu 

550 1 5 

CTT CCC GCA CAC GTA TGG CCA CGC AAT GCC GTG CGC CAA GAA GAC GGC 22 62 

Leu Pro Ala His Val Trp Pro Arg Asn Ala Val Arg Gin Glu Asp Gly 
10 15 20 25 

GTT GTC ACC GTC GCT GGT GTG CCT CTG CCT GAC CTC GCT GAA GAA TAC 



2167 
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w 



15 



25 



Val 


Val 


Thr 


Val 


Ala 


Giy 


Val 


Pro 


Leu 


Pro 


Asp 


Leu 


Ala 


Glu 


Glu 


Tyr 












30 










35 










4 0 






GGA 


ACC 


CCA 


CTG 


TTC 


GTA 


GTC 


GAC 


GAG 


GAC 


GAT 


TTC 


CGT 


TCC 


CGC 


TGT 


2358 


Giy 


Thr 


Pro 


Leu 


Phe 


Val 


Val 


Asp 


Glu 


Asp 


Asp 


Phe 


Arg 


Ser 


Arg 


Cys 










45 










50 










55 








CGC 


GAC 


ATG 


GCT 


ACC 


GCA 


TTC 


GGT 


GGA 


CCA 


GGC 


AAT 


GTG 


CAC 


TAC 


GCA 


2406 


Arg 


Asp 


Met 


Ala 


Thr 


Ala 


Phe 


Giy 


Giy 


Pro 


Giy 


Asn 


Val 


His 


Tyr 


Ala 








60 










65 










70 










TCT 


AAA 


GCG 


TTC 


CTG 


ACC 


AAG 


ACC 


ATT 


GCA 


CGT 


TGG 


GTT 


GAT 


GAA 


GAG 


2454 


Ser 


Lys 


Ala 


Phe 


Leu 


Thr 


Lys 


Thr 


lie 


Ala 


Arg 


Trp 


Val 


Asp 


Glu 


Glu 






7 5 










80 










S5 












GGG 


CTG 


GCA 


CTG 


GAC 


ATT 


GCA 


TCC 


ATC 


AAC 


GAA 


CTG 


GGC 


r-. i ■ 


GCC 


CTG 


2502 


Giy 


Leu 


Ala 


Leu 


Asp 


lie 


Ala 


Ser 


He 


Asn 


Glu 


Leu 


Giy 


lie 


Ala 


Leu 




90 










95 










100 










105 




GCC 


GCT 


GGT 


TTC 


CCC 


GCC 


AGC 


CGT 


ATC 


ACC 


GCG 


CAC 


GGC 


AAC 


AAC 


AAA 


2550 


Ala 


Ala 


Giy 


Phe 


Pro 


Ala 


Ser 


Arg 


He 


Thr 


Ala 


His 


Giy 


Asn 


Asn 


Lys 












110 










115 










120 






GGC 


GTA 


GAG 


TTC 


CTG 


CGC 


GCG 


TTG 


GTT 


CAA 


AAC 


GGT 


GTG 


GGA 


CAC 


GTG 


2598 


Giy 


Val 


Glu 


Phe 


Leu 


Arg 


Ala 


Leu 


Val 


Gin 


Asn 


Giy 


Val 


G 1 y 


His 


vai 










125 










130 










135 








GTG 


CTG 


GAC 


TCC 


GCA 


CAG 


GAA 


CTA 


GAA 


CTG 


TTG 


GAT 


TAC 


GTT 


GCC 


GCT 


2646 


val 


Leu 


Asp 


Ser 


Ala 


Gin 


Glu 


Leu 


Glu 


Leu 


Leu 


Asp 


Tyr 


Va 1 


Al a 


Ala 








140 










145 










153 










GGT 


GAA 


GGC 


AAG 


ATT 


CAG 


GAC 


GTG 


TTG 


ATC 


CGC 




AAG 


CCA 


GGC 


ATC 


2694 


Giy 


GlU 


Giy 


Lys 


lie 


Gin 


Asp 


Val 


Leu 


He 


Arg 


Val 


Lys 


Pro 


Giy 


lie 






155 










160 










165 












GAA 


GCA 


CAC 


ACC 


CAC 


GAG 


TTC ATC 


GCC 


ACT 


AGC 


CAC 


GAA. 


GAC 


CAG 


AAG 


2742 


GlU 


Ala 


His 


Thr 


His 


Glu 


Phe" 


lie 


Ala 


Thr 


Ser 


His 


Glu 


Asp 


Gin 


Lys 




170 










175 










180 










185 




TTC 


GGA 


TTC 


TCC 


CTG 


GCA 


TCC 


GGT 


TCC 


GCA 


TTC 


GAA 


GCA 


GCA 


AAA. 


GCC 


2790 


Phe 


Giy 


Phe 


Ser 


Leu 


Ala 


Ser 


Giy 


Ser 


Ala 


Phe 


Glu 


Ala 


Ala 


Lys 


Ala 





190 195 200 



40 



45 



GCC 


AAC 


AAC 


GCA 


GAA 


AAC 


CTG 


AAC 


CTG 


GTT 


GGC 


CTG 


CAC 


TGC 


CAC 


GTT 


2838 


Ala 


Asn 


Asn 


Ala 


GlU 


Asn 


Leu 


Asn 


Leu 


Val 


Giy 


Leu 


His 


Cys 


His 


Val 










205 










210 










215 








GGT 


TCC 


CAG 


GTG 


TTC 


GAC 


GCC 


GAA 


GGC 


TTC 


AAG 


CTG 


GCA 


GCA 


GAA 


CGC 


2886 


Giy 


Ser 


Gin 


Val 


Phe 


Asp 


Ala 


Glu 


Giy 


?he 


Lys 


Leu 


Ala 


Ala 


Glu 


Arg 








220 










225 










230 










GTG 


TTG 


GGC 


CTG 


TAC 


TCA 


CAG 


ATC 


CAC 


AGC 


GAA 


CTG 


GGC 


GTT 


GCC 


CTT 


2934 


Val 


Leu 


Giy 


Leu 


Tyr 


Ser 


Gin 


lie 


His 


Ser 


Glu 


Leu 


Giy 


Val 


Ala 


Leu 






235 










240 










245 












CCT 


GAA 


CTG 


GAT 


CTC 


GGT 


GGC 


GGA 


TAC 


GGC 


ATT 


GCC 


TAT 


ACC 


GCA 


GCT 


2982 


Pro 


Glu 


Leu 


Asp 


Leu 


Giy 


Giy 


Giy 


Tyr 


Giy 


He 


Ala 


Tyr 


Thr 


Ala 


Ala 




253 










255 










260 










265 




GAA. 


GAA 


CCA 


CTC 


AAC 


GTC 


GCA 


GAA 


GTT 


GCC 


TCC 


GAC 


CTG 


CTC 


ACC 


GCA 


3030 


Glu 


GlU 


Pro 


Leu 


Asn 


Val 


Ala 


Glu 


Val 


Ala 


Ser 


Asp 


Leu 


Leu 


Thr 


Ala 












270 










275 










280 






GTC 


GGA 


AAA 


ATG 


GCA 


GCG 


GAA 


CTA 


GGC 


ATC 


GAC 


GCA 


CCA 


ACC 


GTG 


CTT 


3078 


Val 


Giy 


Lys 


Met 


Ala 


Ala 


Glu 


Leu 


Giy 


He 


Asp 


Ala 


Pro 


Thr 


Val 


Leu 










285 










290 










2r5 








GTT 


GAG 


CCC 


GGC 


CGC 


GCT 


ATC 


GCA 


GGC 


CCC 


TCC 


ACC 


GTG 


ACC 


ATC 


TAC 


3126 


Val 


Glu 


Pro 


Giy Arg 


Ala 


He 


Ala 


Giy 


Pro 


Ser 


Thr 


Val 


Thr 


He 


Tyr 








300 










305 










310 










GAA 


GTC 


GGC 


ACC 


ACC 


AAA 


GAC 


GTC 


CAC 


GTA 


GAC 


GAC 


GAC 


AAA 


ACC 


CGC 


3174 


Glu 


Val 


Giy 


Thr 


Thr 


Lys 


Asp 


Val 


His 


Val 


Asp 


Asp 


Asp 


Lys 


Thr 


Arg 






315 










320 










325 












CGT 


TAC 


ATC 


GCC 


GTG 


GAC 


GGA 


GGC 


ATG 


TCC 


GAC 


AAC 


ATC 


CGC 


CCA 


GCA 


3222 


Arg 


Tyr 


He 


Ala 


Val 


Asp 


Giy Giy 


Met 


Ser 


Asp 


Asn 


He 


Arg 


Pro 


Ala 
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w 



15 



20 



35 



45 



50 



330 335 340 345 

CTC TAC GGC TCC GAA TAC GAC GCC CGC GTA GTA TCC CGC TTC GCC GAA 327 0 

Leu Tyr Gly Ser Glu Tyr Asp Ala Arg Val Val Ser Arq Phe Ala Glu 

350 355 " 360 

GGA GAC CCA GTA AGC ACC CGC ATC GTG GGC TCC CAC TGC GAA TCC GGC 3318 
Gly Asp Pro Val Ser Thr Arg lie Val Gly Ser His Cvs Glu Ser Gly 

365 370 * 375 

GAT ATC CTG ATC AAC GAT GAA ATC TAC CCA TCT GAC ATC ACC AGC GGC 3 3 66 

Asp He Leu He Asn Asp Glu He Tyr Pro Ser Asd He Thr Ser Gly 

330 385 ^ 390 

GAC TTC CTT GCA CTC GCA GCC ACC GGC GCA TAC TGC TAC GCC ATG AGC 3414 
Asp Phe Leu Ala Leu Ala Ala Thr Gly Ala Tyr Cys Tyr Ala Met Ser 

395 400 405 

TCC CGC TAC AAC GCC TTC ACA CGG CCC GCC GTC GTG TCC GTC CGC GCT 3 4 62 

Ser Arg Tyr Asn Ala Phe Thr Arg Pro Ala Val Val Ser Val Arg Ala 
410 415 420 425 

GGC AGC TCC CGC CTC ATG CTG CGC CGC GAA ACG CTC GAC GAC ATC CTC 3510 
Gly Ser Ser Arg Leu Met Leu Arg Arg Glu Thr Leu Asp Asp lie Leu 

430 435 * 44C 

TCA CTA GAG GCA TAACGCTTTT C GAC GC C T G A CCCCGCCCTT CACCTTCGCC 3^62 
Ser Leu Glu Ala 
445 

GTGGAGGGCG GTTTTGG 



(2) INFORMATION FOR SEQ ID NO: 19: 
U) SEQUENCE CHARACTERISTICS : 
25 (A) LENGTH: 550 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY : linear 
(ii) MOLECULE TYPE: protein 

(XL) SEQUENCE DESCRIPTION: SEQ ID NO: 19: 
Met Thr Pro Ala Asp Leu Ala Thr Leu He Lys Glu Thr Ala Val G 1 u 
30 1 5 10 is " 

Val Leu Thr Ser Arg Glu Leu Asp Thr Ser Val Leu Pre Giu Gin Val 

20 25 30 

Val Val Glu Arg Pro Arg Asn Pro Glu Kis Gly Asd Tyr Ala Thr Asn 

35 40 ' 45 

He Ala Leu Gin Val Ala Lys Lys Val Gly Gin Asn Pro Arg Asd Leu 

50 55 60 

Ala Thr Trp Leu Ala Glu Ala Leu Ala Ala Asp Asp Ala He Asp Ser 
65 70 75 80 

Ala Glu He Ala Gly Pro Gly Phe Leu Asn He Arg Leu Ala Ala Ala 
85 90 95 

40 Ala Gin Gly Glu He Val Ala Lys He Leu Ala Gin Glv Glu Thr Phe 

100 105 * HO 

Gly Asn Ser Asp His Leu Ser Kis Leu Asp Val Asn Leu Glu Phe Val 

115 120 125 

Ser Ala Asn Pro Thr Gly Pro He His Leu Gly Gly Thr Arg Trp Ala 

130 135 140 

Ala Val Gly Asp Ser Leu Gly Arg Val Leu Glu Ala Ser Gly Ala Lys 
145 150 155 150 

Val Thr Arg Glu Tyr Tyr Phe Asn Asp His Gly Arg Gin He Asp Arg 

165 170 175 

Phe Ala Leu Ser Leu Leu Ala Ala Ala Lys Gly Glu Pro Thr Pro Glu 

180 185 190 

Asp Gly Tyr Gly Gly Glu Tyr He Lys Glu He Ala Glu Ala He Val 

195 200 205 

Glu Lys His Pro Glu Ala Leu Ala Leu Glu Pro Ala Ala Thr Gin Glu 



3579 
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210 215 220 



Leu 


Phe 


Arg 


Al a 


Gl u 


Gly 


Va 1 


Gl u 


Me t 


M** t 


Pne 


ulU 


n i s 


i i. e 


i.ys 


Ser 


2 2 5 




















o t s 

Z J J 










O A ft 


Ser 


Leu 


His 


Glu 


Ph e 


Gl y 


Thr 


sp 


-lit; 


Aso 


Va 1 


Tyr 


T . / F* 


MIS 


"■lit 


Asn 










"7 d S 

j£ H -J 










OCA 










25 5 




Ser 


Leu 


Phe 


Glu 


Ser 


Gl y 


Ala 


Val 


Asp 


L vs 


Al a 


Veil 


r: 1 n 

oi". 


v a l 


Leu 


Lys 








2 60 










265 














As D 


Asn 


Gly 




Leu 
eu 


Tyr 


Glu 


Asn 


ul U 




r. 1 a 


1 i_p 


lip 


Leu 


Arg 


Ser 






275 










2 80 










n q c 








Thr 


Glu 


Phe 


Gly 


sp 


As 


Lys 


Asp 




Val 


Val 


lie 


Lys 


Q a *- 


Asp 


Gl y 




2 90 










295 










O w J 








As o 


Ala 


Ala 




lie 


Al a 


Gl y 


sp 


lie 


Ala 




Va 1 




X 3 p 


T uc 
Ly5 


Ph e 


305 










310 










315 










32 0 


Ser 


Arg 


Gly 


His 


Asn 




Asn 


lie 


1 y L 


Me t 


Leu 


Gly 


Ala 


Asp 


His 


..1 o 










325 










330 










33 5 




Gl v 




He 


Ala 


MI y 


Le u 


Lys 


Ala 


Ala 


Ala 


Ala 


Ala 


Leu 
eu 


Gl V 


Tyr 


Lys 








3 40 










345 










3 50 






Pro 


Glu 


Glv 


Val 


Glu 


Va 1 


Leu 


lie 


Gly 


Gin 


Me c 


Val 


" S 1 


Leu 


Leu 
eu 


M.rg 






355 










3 60 










-a 

J D. 








As p 


Gly 


L,ys 


Ala 




Ar g 




c; a r- 


Lys 


^-g 


Al a. 


oiy 






vai 


i n r 




370 










,3 / -J 










ion 










Leu 


Asp 


Asp 


Leu 


/ a 1 




111 a 


lie 


ri it 
al y 


lie 


As p 


Hid 


MJ. a 


^rg 


i yr 


Car 

i>e r 


385 










39 0 










_> 3 












Leu 


lie 


Arg 


Ser 


Ser 


Va 1 


sp 


Ser 


Ser 


* eu 


As o 


Tip 
lie 


AS 
sp 




r~ 1 


i,eu 










4 05 










410 










d 1 S 
i J 






Glu 


Ser 


Gin 


Ser 


Ser 


Asp 


Asn 


Pre 


Val 


- y r 


Tyr 


val 


Gin 


T\* — 

1 y - 


- 

Gi y 








420 










425 










1 jU 






His 


Ala 


r\rg 


Leu 


cys 


Ser 


Tip 


/\1 a 


Arg 


by 5 


M_L d 


ulli 




Leu 


Giy 


v ax 






435 










dan 










*i 4 J 








Th r 


Glu 








As p 


JjcU 


o e r 


Leu 


Leu 


Thr 


His 


Asp 


Arg 


t>x u 


Gl> 




4 50 










455 










dsn 










As p 






Arg 


1 1:1. 


Leu 


vjx y 


o i u 


DK ^ 

rue 




M-L a 


vol 


Val 


LiyS 


n 1 , 
nid 




465 










470 










475 










480 


Ala' 


Asp 


Leu 


Arg 


Glu 


Pro 


His 


Arg 


He 


.Ala 


Arg 


Tyr 


Ala 


Glu 


Glu 


Leu 










/IOC 

HO J 










yen 










4 95 




Ala 


Gly 


Thr 


Phe 


His 


Arg 


Phe 


Tyr 


Asp 


Ser 


Cys 


His 


lie 


Leu 


Pro 


Lys 








5 00 










505 










510 






Val 


Asp 


Glu 


Asp 


Thr 


Ala 


Pro 


He 


His 


Thr 


Ala 


Arg 


Leu 


Ala 


Leu 


Ala 






515 










520 










525 








Ala 


Ala 


Thr 


Arg 


Gin 


Thr 


Leu 


Ala 


Asn 


Ala 


Leu 


His 


Leu 


Val 


Gly 


Val 




530 










535 










540 










Ser 


Ala 


Pro 


Glu 


Lys 


Met 






















545 










550 






















(2) 


INFORMATION 


FOR 


SEQ 


ID NO:2C 



















<i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 44 5 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 



(ii) MOLECULE TYPE: protein 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 20: 
Met Ala Thr Val Glu Asn Phe Asn Glu Leu Pre Ala His Val Trp Pro 

15 10 1*5 

Arg Asn Ala Val Arg Gin Glu Asp Gly Val Val Thr Val Ala Gly Val 

20 25 30 

Pro Leu Pro Asp Leu Ala Glu Glu Tyr Gly Thr Pro Leu Phe Val Val 

35 40 45 

Asp Glu Asp Asp Phe Arg Ser Arg Cys Arg Asp Met Ala Thr Ala Phe 
50 55 " 60 
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Gly Gly Pro Gly Asn Val His Tyr Ala Ser Lys Ala Phe Leu Thr Lys 
65 70 -7 5 80 

Thr He Ala Arg Trp Val Asp Glu Glu Gly Leu Ala Leu Aso He Ala 

85 90 * 95 

Ser He Asn Glu Leu Gly He Ala Leu Ala Ala Gly Phe Fro Ala Ser 

100 105 no 

Arg He Thr Ala His Gly Asn Asn Lys Gly Val Glu Phe Leu Arg Ala 

US 120 125 

Leu Val Gin Asn Gly Val Gly His Val Val Leu Aso Ser Ala Gin Glu 

130 135 14*0 

Leu Glu Leu Leu Asp Tyr Val Ala Ala Giy Glu Gly Lys He Gin Asp 
145 150 155 160 

Val Leu He Arg Val Lys Pro Gly He Glu Ala His Thr His Glu Phe 

165 170 175 

He Ala Thr Ser His Glu Asp Gin Lys Phe Giy Phe Ser Leu Ala Ser 

180 185 190 

Gly Ser Ala Phe Glu Ala Ala Lys Ala Ala Asn Asn Ala Glu Asn Leu 

195 200 205 

Asn Leu Val Gly Leu His Cys His Val Gly Ser Gin Val Phe Asn Ala 

210 215 220 

Glu Gly Phe Lys Leu Ala Ala Glu Arg Val Leu Gly Leu Tyr Ser Gin 
225 230 235 240 

He His Ser Glu Leu Gly Val Ala Leu Pro Giu Leu Asp Leu Gly Gly 

245 250 255 

Gly Tyr Gly He Ala Tyr Thr Ala Ala Glu Giu Pro Leu Asn Val Ala 

260 265 ' 270 

Glu Val Ala Ser Asp Leu Leu Thr Ala Val Giy Lvs Met .Ala Ala Glu 

275 280 " 285 

Leu Giy He Asp Ala Pro Thr Val Leu Val Glu Pro Gly Arg Ala He 

290 295 300 

Ala Gly Pro Ser Thr Val Thr He Tyr Glu Val Gly Thr Thr Lys Asp 
305 310 315 320 

Val His Val Asp Asp Asp Lys Thr Arg Arg Tyr He Ala Val Asp Gly 

325 330 335 

Gly Met Ser Asp Asn He Arg Pro Ala Leu Tyr Gly Ser Glu Tyr Asp 

340 345 350 

Ala Arg Val Val Ser Arg Phe Ala Giu Gly Asp Pro Val Ser Thr Arg 

355 360 365 

He Val Gly Ser His Cys Glu Ser Gly Asp He Leu He Asn Asp Glu 

370 375 380 

He Tyr Pro Ser Asp He Thr Ser Gly Aso Phe Leu Ala Leu .Ala Ala 
3 85 390 * 395 400 

Thr Gly Ala Tyr Cys Tyr Ala Met Ser Ser Arg Tyr Asn Ala Phe Thr 

405 410 415 

Arg Pro Ala Val Val Ser Val Arg Ala Gly Ser Ser Arg Leu Met Leu 

420 425 430 

Arg Arg Glu Thr Leu Asp Asp He Leu Ser Leu Glu Ala 
435 440 445 

(2) INFORMATION FOR SEQ ID NO: 21: 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 bases 

( B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 

(A) DESCRIPTION: /desc = "synthetic DNA" 
<iv) ANTI-SENSE: no 
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(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 21: 
AACCTCGTCA TGTTTGAGAA 

(2) INFORMATION FOR SEQ ID NC:22: 
<i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 bases 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

( D ) TOPOLOGY : 1 inea r 

(ii) MOLECULE TYPE: other nucleic acid 

(A) DESCRIPTION: /desc = "synthetic DNA" 
(ivi ANTI-SENSE: yes 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 22: 
CCGGCCTACA AAATCGTGCA 

(2) INFORMATION FOR SEQ ID NO:23: 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 1331 bases 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : double 

(D) TOPOLOGY : linear 

(iii MOLECULE TYPE: genomic DNA 
(vi) ORIGINAL SOURCE: 

(A) ORGANISM: Escherichia coli 

(B) STRAIN : JM109 
(ix) FEATURE: 

(A) NAME/KEY: CDS 

(B) LOCATION: 10. . 1197 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 23: . 
AACCTCGTC ATG TTT GAG AAC ATT ACC GCC GCT CCT GCC GAC CCG ATT 
Met Phe Glu Asn lie Thr Ala Ala Pro Ala Asp Pro lie 
1 5 10 



CTG 


GGC 


CTG 


GCC 


GAT 


CTG 


TTT 


CGT 


GCC 


GAT 


GAA 


CGT 


CCC 


GGC 


AAA 


ATT 


Leu 


Gly 


Leu 


Ala 


Asp 


Leu 


Phe 


Arg 


Ala 


Asp 


Glu 


Arg 


Pro 


Gly 


Lys 


He 




15 










20 










25 






AAC 


CTC 


GGG 


ATT 


GGT 


GTC 


TAT 


AAA 


GAT 


GAG 


ACG 


GGC 


AAA 


ACC 


CCG 


GTA 


Asn 


Leu 


Gly 


He 


Gly 


Val 


Tyr 


Lys 


Asp 


Glu 


Thr 


Gly 


Lys 


Thr 


Pro 


Val 


30 










35 










40 










45 


CTG 


ACC 


AGC 


GTG 


AAA 


AAG 


GCT 


GAA 


CAG 


TAT 


CTG 


CTC 


GAA. 


AAT 


GAA 


ACC 


Leu 


Thr 


Ser 


Val 


Lys 
50 


Lys 


Ala 


Glu 


Gin 


Tyr 
55 


Leu 


Leu 


Glu 


Asn 


Glu 
60 


Thr 


ACC 


AAA 


AAT 


TAC 


CTC 


GGC 


ATT 


GAC 


GGC 


ATC 


CCT 


GAA 


TTT 


GGT 


CGC 


TGC 


Thr 


Lys 


Asn 


Tyr 


Leu 


Gly 


He 


Asp 


Gly 


He 


Pre 


Glu 


Phe 


Gly 


Arg 


Cys 








65 










70 










75 


ACT 


CAG 


GAA 


CTG 


CTG 


TTT 


GGT 


AAA 


GGT 


AGC 


GCC 


CTG 


ATC 


APT 


GAC 


AAA 


Thr 


Gin 


Glu 


Leu 


Leu 


Phe 


Gly 


Lys 


Gly 


Ser 


Ala 


Leu 


He 


Asn 


Asp 


Lys 






80 










85 










90 




CGT 


GCT 


CGC 


ACG 


GCA 


CAG 


ACT 


CCG 


GGG 


GGC 


ACT 


GGC 


GCA 


CTA 


CGC 


GTG 


Arg 


Ala 


Arg 


Thr 


Ala 


Gin 


Thr 


Pro 


Gly 


Gly 


Thr 


Gly 


Ala 


Leu 


Arg 


Val 




95 










100 










105 








GCT 


GCC 


GAT 


TTC 


CTG 


GCA 


AAA 


AAT 


ACC 


AGC 


GTT 


AAG 


CGT 


GTG 


TGG 


GTG 


Ala 


Ala 


Asp 


Phe 


Leu 


Ala 


Lys 


Asn 


Thr 


Ser 


Val 


Lys 


Arg 


Val 


Trp 


Val 


110 










115 










120 








125 


AGC 


AAC 


CCA 


AGC 


TGG 


CCG 


AAC 


CAT 


AAG 


AGC 


GTC 


TTT 


AAC 


TCT 


GCA 


GGT 


Ser 


Asn 


Pro 


Ser 


Trp 


Pro 


Asn 


His 


Lys 


Ser 


Val 


Phe 


Asn 


Ser 


Ala 


Gly 










130 










135 










140 


CTG 


GAA 


GTT 


CGT 


*GAA 


TAC 


GCT 


TAT 


TAT 


GAT 


GCG 


GAA 


AAT 


CAC 


ACT 


CTT 


Leu 


Glu 


Val 


Arg 
145 


Glu 


Tyr 


Ala 


Tyr 


Tyr 
150 


Asp 


Ala 


Glu 


Asn 


His 
155 


Thr 


Leu 
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GAC TTC GAT GCA CTG ATT AAC AGC CTG AAT GAA GCT CAG GCT GGC GAC 
Asp Phe Asp Ala Leu lie Asn Ser Leu Asn Glu Ala Gin Ala Gly tsp 

5 St vl? T G Z1 C TGC TG ^ CAT ** C CCA AC = GG * ATC GAC CCT 

Val Val Leu Phe His Gly Cys Cys His Asn Pro Thr Gly i ie Asp p„ 

ACG CTG GAA CAA TGG CAA ACA CTG GCA CAA CTC TCC GTT GAG AAA GGC 
Thr Leu Glu Gin Trp Gin Thr Leu Ala Gin Leu Ser Val oi u ™ Gly 

'° J™ T A o° G TTT GAC TTC GCT TAC <* G GGT TTT GCC CGT GGT oil 

Trp Leu Pro Leu Phe Asp Phe Ala Tyr Gin Gly Phe Ala Arg Gly llu 

SI G^ f T ^ CTG CGC GCT ™ GCG GCT ATG CAT AAA GAG 

Glu Glu Asp Ala Glu Gly Leu Arg Ala Phe Ala Ala Mec His Lys Glu 

CTG ATT GTT GCC ACT TCC TAC TCT AAA AAC TTT GGC CTG TAC AAC GAG 
Leu lie Val Ala Ser Ser Tyr Ser Lys Asn Phe Gly Leu T Cr Su 

S vll GW A? T CTG °" GCT GCC GAC AGT GAA ACC GTT GAT 

Arg val Gly Ala Cys Thr Leu Val Ala Ala Asp Ser Glu Thr Val Asp 

20 255 260 265 

nr C I! 0 AGC CAA ATG *** GCG GCG RTT CGG GCT AAC TAC TCT AAC 



30 



45 < 2 ) INFORMATION FOR SEQ ID NO: 24: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 396 amino acids 

(B) TYPE: amino acid 
<D) TOPOLOGY: linear 

50 (i-i) MOLECULE TYPE: protein 

Ui) SEQUENCE DESCRIPTION: SEQ ID NO: 24: 



Met 



Phe Giu Asn He Thr Ala Ala Pro Ala Asp Pro He Leu Gly Leu 
A 5 io 



52* 



576 



624 



672 



72C 



768 



316 



Arg Ala Phe Ser Gin Met Lys Ala Ala ^ ^ £ a ^ T^r SeJ £n 
CCA CAC GGC GC ^ TCT GTT GTT GCC AGG ATC CTC- AGC AAC GAT 



912 



Pro Pro Ala His Gly Ala Ser Val Val Ala ?hr Leu" Se*r £n Asp 

Sa ^I A nf G A T T TGG GAA CAA GAG ^ G ACT GAT ATG CGC CAG CGT 

Ala Leu Arg Ala He Trp Glu Gin Glu Leu Thr Asa Met Arg d n Ara 
3 °5 310 * 315 

ill r?n ATG CGT CAG TTG TTC GTC *»* ACG CTG CAG GAA AAA GGC 

He Gin Arg Met Arg Gin Leu Phe Val Asn Thr Leu Gin Glu Lys Gly 

320 325 330 y 

GCA AAC CGC GAC TTC AGC TTT ATC ATC AAA CAG AAC GGC ATG TTC TCC 

Ala Asn Arg Asp Phe Ser Phe He n e Lys Gln Asn Glv Met phe Ser 

335 340 34 c, 

Ph C A f f T ° ACA *** GAA CAA GTG CTG CGT CT = CGC GAA GAG TTT 

35 Phe ser Gly Leu Thr Lys Glu Gin Val Leu Arg Leu Arg Glu Glu Phe 

353 360 ->cs 

Glv V TA T T TCT GGT CGC GTA ^ T GT = GC = GGG ATG ACA 

Gly Val Tyr Al a val Ala Ser Gly Arg Val Asn Val Ala Gly Met Thr 

370 375 380 

CCA GAT AAC ATG GCT CCG CTG TGC GAA GCG ATT GTG GCA GTG CTG „„ 
40 Pro Asp Asn Met Ala Pro Leu Cys Glu Ala He Val Ala Val Leu 

385 390 395 

TAAGCATTAA AAACAATGAA CGCGCTGAAA AGCGGGCTGA GAC" GATGAC AAACGCAACA 

ISSSS ccG^™ TCAGGCCTAC —cccctg caatatSg aatttgcacg is" 



960 



iooe 



1056 



1104 



1152 



1331 



15 



55 
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Ala 


Asp 


Leu 


Phe 


Arg 


Ala 


Asp 


Glu 


Arg 


Pro 


Gly 


Lys 


He 


Asn 


Leu 


Gly 








20 










25 










30 




lie 


Gly 


Val 


Tyr 


Lys 


Asp 


Glu 


Thr 


Gly 


Lys 


Thr 


Pro 


Val 


Leu 


Thr 


Ser 






35 










40 










45 








Val 


Lys 


Lys 


Ala 


Glu 


Gin 


Tyr 


Leu 


Leu 


Glu 


Asn 


Glu 


Thr 


Thr 


Lys 


Asn 




50 










55 










60 








Tyr 


Leu 


Gly 


He 


Asp 


Gly 


He 


Pro 


Glu 


Phe 


Gly 


Arg 


Cys 


Thr 


Gin 


Glu 


65 










70 










75 










30 


Leu 


Leu 


Phe 


Gly 


Lys 


Gly 


Ser 


Ala 


Leu 


He 


Asn 


Asp 


Lys 


Arg 


Ala 


Arg 










65 










SO 










95 


Thr 


Ala 


Gin 


Thr 


Pro 


Gly 


Gly 


Thr 


Gly 


Ala 


Leu 


Arg 


Val 


Ala 


Ala 


Asp 








100 










105 










110 




Phe 


Leu 


Ala 


Lys 


Asn 


Thr 


Ser 


val 


Lys 


Arg 


Val 


Trp 


val 


Ser 


Asn 


Pro 






115 










120 










125 








Ser 


Trp 


Pro 


Asn 


His 


Lys 


Ser 


Val 


Phe 


Asn 


Ser 


Ala 


Gly 


Leu 


Glu 


Val 




130 










135 










140 










Arg 


Glu 


Tyr 


Ala 


Tyr 


Tyr 


Asp 


Ala 


Glu 


Asn 


His 


Thr 


Leu 


Asp 


Phe 


Asp 


145 










150 










155 










160 


Ala 


Leu 


He 


Asn 


Ser 


Leu 


Asn 


Glu 


Ala 


Gin 


Ala 


Gly 


Asp 


Val 


Val 


Leu 










165 










170 










175 




Phe 


His 


Gly 


Cys 


Cys 


His 


Asn 


Pro 


Thr 


Gly 


He 


Asp 


Pro 


Thr 


Leu 


Glu 








180 










185 










190 






Gin 


Trp 


Gin 


Thr 


Leu 


Ala 


Gin 


Leu 


Ser 


Val 


Glu 


Lys 


Gly 


Trp 


Leu 


Pro 






195 










200 










205 








Leu 


Phe 


Asp 


Phe 


Ala 


Tyr 


Gin 


Gly 


Phe 


Ala 


Arg 


Gly 


Leu 


Glu 


Glu 


Asp 




210 










215 










220 










Ala 


Glu 


Gly 


Leu 


Arg 


Ala 


Phe 


Ala 


Ala 


Met 


His 


Lys 


Glu 


Leu 


lie 


Val 


225 










230 










235 










240 


Ala 


Ser 


Ser 


Tyr 


Ser 


Lys 


Asn 


Phe 


Gly 


Leu 


Tyr 


Asn 


Glu 


Arg 


Val 


Gly 










245 










250 










255 




Ala 


Cys 


Thr 


Leu 


Val 


Ala 


Ala 


Asp 


Ser 


Glu 


Thr 


Val 


Asp 


Arg 


Ala 


Phe 








260 










265 










270 






Ser 


Gin 


Met 


Lys 


Ala 


Ala 


He 


Arg 


Ala 


Asn 


Tyr 


Ser 


Asn 


Pro 


Pro 


Ala 






275 










280 










285 








His 


Gly 


Ala 


Ser 


Val 


Val 


Ala 


Thr 


He 


Leu 


Ser 


Asn 


Asp 


Ala 


Leu 


Arg 




290 










295 










300 










Ala 


He 


Trp 


Glu 


Gin 


Glu 


Leu 


Thr 


Asp 


Met 


Arg 


Gin 


Arg 


He 


Gin 


Arg 


305 










310 










315 










320 


Me^t 


Arg 


Gin 


Leu 


Phe 


Val 


Asn 


Thr 


Leu 


Gin 


Glu 


Lys 


Gly 


Ala 


Asn 


Arg 










325 










33 0 










335 




Asp 


Phe 


:§er 


Phe 


He 


He 


Lys 


Gin 


Asn 


Gly 


Met 


Phe 


Ser 


Phe 


Ser 


Gly 








340 










345 










350 






Leu 


Thr 


Lys 


Glu 


Gin 


Val 


Leu 


Arg 


Leu 


Arg 


Glu 


Glu 


Phe 


Gly 


Val 


Tyr 






355 










360 










365 








Ala 


Val 


Ala 


Ser 


Gly 


Arg 


Val 


Asn 


Val 


Ala 


Gly 


Met 


Thr 


Pre 


Asp 


Asn 




370 










375 










380 










Met 


Ala 


Pro 


Leu 


Cys 


Glu 


Ala 


He 


Val 


Ala 


Val 


Leu 











385 390 395 

* 

(2) INFORMATION FOR SEQ ID NO: 25: 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 2517 bases 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: double 

(D) TOPOLOGY: linear 

(ii> MOLECULE TYPE: genomic DNA 
(vi) ORIGINAL SOURCE: 

(A) ORGANISM: Brevibacterium lac to t ermentum 
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20 



<3) STRAIN: ATCC 13869 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 25: 

GATCAGCTTC GGGTGTTGAA GGGGC C GAAT AAGGAACTCG CGCAGTTGGG TCGTAGTTTG 60 

5 TTTAAACGAC TTGGTGATGT GTTGGCGTAT TTCGATGTTG GTGTCTCCAA CGGTCCGGTC 120 

GAAGCGATCA ACGGACGGTT GGAGCATTTG CGTGGGATTG CTCTAGGTTT CCGTAATTTG 180 

AAC C ACT AC A TTCTGCGGTG C CT T AT C CAT TCAGGGCAGT TGGTCCATAA GATCAATGCA 24 0 

CTCTAAAACA GGAAGAGCCC CTTTACAAGC GGCAAGACCA AACTGGC-TGA CCGAAAATCT 300 

TCAGGCCAAT CAGTTTTGGT CAT AT GGGAT GGTTTTTAGA CCTCGAAACC ATCCCATATG 360 

ACCGAAGCCC GCGAA^CTCT GTGTTCGTTG GTCGCCTGGT TC GGT C T C AA TGCCTTGCCG 42 0 

W AAACCACAAC GCCCCGAAAC CCAAAACTCC CCAATACATG AAAAAACCAG CTTCCCACCG 48 0 

AAGT GAGAAG CTGGTTTAGT TTGCGGAGGA TAG GGGAT TT GAACCCCTGA GGGATTGCTC 54 0 

CCAACCCGCG TTCCAGGCGA GCGACATAGG CCGCTAGTCG AATCCTCCAG CTAGAACGGC 600 

T G C AAC G CAT GGCTGCTTTG TTCTGGGGAT TAGATTACAC AAAAGTCGT7 TAGAAACTCA 660 

AATCCGCTCG CAGTTGGCGT TTTCTGGGGC GGTTCAGCTA GAGTTATGCG AAGGATCCCG 720 

TGCGGCGTTT ATCTTGTGA^ CTCCCCCAGG GCAGGAATGC AGCAAGGGTC AGCGAGCTCT 78 0 

'5 GACGGGTGCG CGGGGTCCCC TAAAACGTCT AGAGTAGTGG CTTGAGGTCA CTGCTCTTTT 840 

TTTGTGCCCT TTTTTTGGTC CGTCTATTTT GCCACCACAT GCGC-AGGTAC GCAGTTATGA 900 

GTTCAG7TTC GCTGCAGGAT TTTGATGCAG AGCGAATTGG TC7GTTCCAC GAGGACATTA £60 

AACGCAAGTT TGATGAGCTC AAGTCAAAAA ATCTGAAGCT GGATCTTACT CGCGGTAAGC 102 0 

CTTCGTCGGA GCAGTTGGAT TTCGCTGATG AGCTGTTGGC GTTGCCTGGT AAGGGCGATT 108 0 

TCAAGGCTGC GGAT GGT ACT GATGTCCGTA ACTATGGCGG GCTC-GATGGC ATTGTTGATA 1140 

TTCGTCAGAT TTGGGCGGAT TTGCTGGGTG TTCCTGTGGA GCAC-GTGCTG GCGGGGGATG 12 00 

CTTCGAGCTT GA^CATCATG TT T GAT GT GA TCAGCTGGTC G7ACAT7TTT GGTAACAATG 12 60 

ATTCGGTTCA GCCTTGGTCG AAGGAAGAAA CT GT T AAGT G GATTTGTCCT GTTCCGGGAT 1320 

AT GAT C GC C A TTTCTCCATC ACGGAGCGTT TCGGCTTTGA GAT GAT TT CT GTGCCAATGA 138 0 

ATGAAGACGG CCCTGATATG GATGCTGTTG AGGAATT GGT C AAGG AT C C G CAGGTTAAGG 14 40 

25 GC AT GT GG GT T GT GC C GGT A TTTTCTAACC CGACTGGTTT CACGGTGTCG GAGGACGTCG 1500 

CAAAGCGTCT GAGC AC GAT G GAAACTGCGG CGCCGGACTT CCGCGTGGTG T GGGAT AAC G 1560 

CTTACGCCGT TCATACTCTG ACCGATGAGT TCCCTGAGGT CAT C GAC AT C GTTGGGCTTG 162 0 

GTGAGGCGGC GGGTAACCCG AACCGTTTCT GGGCGTTCAC TTCTAC77CG AAGATCACTC 168 0 

TCGCGGGTGC GGGCGTGTCC TTCTT CATGA CTTCTGCGGA GAACCGTAAG TGGTACTCCG 1740 

GT CAT GCGGG TATCCGTGGC ATTGGCCCTA AC AAGGT CAA TCAGTTGGCT CATGCGCGTT 1800 

30 ACTTTGGCGA TGCTGAGGGA GTGCGCGCGG TGATGCGTAA GCATGCTGCG TCGTTGGCTC 18 60 

C GAAGTT CAA CAAGGTTCTG GAGATCCTGG ATTCTCGCCT T GC T GA G T AC GGTGTCGCGC 192 0 

AGTGGACTGT CCCTGCGGGC GGT T AC T T CA TTTCCCTTGA TGTGGTTCCT GGTACGGCAT 198 0 

CTCGTGTGGC TGAGTTGGCT AAGGAAGCCG GCATTGCGTT GACGGGTGCG GGTTCTTCTT 2 04 0 

ACCCGCTGCG TCAGGATCCG GAGAACAAGA ACCTCCGTTT GGCGCCTTCT CTGCCTCCTG 2100 

TTGAGGAACT TGAGGTTGCC ATGGATGGCG TGGCTACGTG TGT777GCTG GCAGCTGCGG 2160 

35 AGCACT AC GC TAGCTAGAGT GAAT AC C GC G GAAAC T GC AC ATTGGATTAA CCGTTTGCTG 222 0 

CCGGGTCAGC CGGAGTTTCA CCAGGTTGGC GC GT T TAAAG TGGCGGGTTA CACGCTTGAT 2280 

GATGAGTCAA TTGCGTGTTC TGTCAATTTC GGGCGCGTCA ACACGGGCCT GGT C AC C GAG 23 4 0 

ACAGGC GCGG AAACCGTCGA TGTGCGAAGT GAGATTTTGA GCC7GGZCAG GGCCGACGTG 2 4 00 

TCCGTGCCTG GGCGCGCCGT CGGCGCTGCT GC AACAAT GC TTCTCGACGC CTCCCTCTCC 2 4 60 

^ TTCAAATCCG CCACCGATTC CAGTGTCACT C C CAT GC AT G CCC?-JkCZGGG AC AG AT C 2 517 

(2) INFORMATION FOR SEQ ID NO: 26: 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 2 3 bases 

(B) TYPE: nucleic acid 
45 (C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 
(ii) MOLECULE TYPE: other nucleic acid 

(A) DESCRIPTION: /desc = "synthetic DNA" 
(iv) ANTI-SENSE: no 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 26: 

SO GATCAACGGA CGGTTGGAGC ATT 2 3 

(2) INFORMATION FOR SEQ ID NO: 27: 
<i> SEQUENCE CHARACTERISTICS: 
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w 



J5 



40 



23 



(A) LENGTH: 23 bases 
(3) TYPE: nucleic acid 

(C) STRANDEDNESS: single 
( D ) TOPOLOGY : linear 

(ii) MOLECULE TYPE: other nucleic acid 

(A) DESCRIPTION: /desc = "synthetic DNA" 
(iv) ANTI-SENSE: yes 

(XX) SEQUENCE DESCRIPTION: SEQ ID NO: 27: 
GGTATTCACT . CTAGCTAGCG TAG 

(2) INFORMATION FOR SEQ ID NO:28: 
<i) SEQUENCE CHARACTERISTICS : 

(A) LENGTH: 23 bases 

(B) TYPE: nucleic acid 
(C> STRANDEDNESS : single 
{D> TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 

(A) DESCRIPTION: /desc = "synthetic DNA" 
(iv) ANTI -SENSE: no 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 23: 
2Q GAGCTCAAGT CAAAAAATCT GAA 23 

(2) INFORMATION FOR SEQ ID NO: 29: 
(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 23 bases 
( 3 ) TYPE: nucleic acid 
25 (C) STRANDEDNESS: single 

( D ) TOPOLOGY : linear 

(ii) MOLECULE TYPE: other nucleic acid 

(A) DESCRIPTION: /desc = "synthetic DNA" 
(iv) ANTI-SENSE: yes 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 29: 
30 GATCTGTCCC GGTTGGGCAT GCA 2 3 

(2) INFORMATION FOR SEQ ID NO: 30: 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 2517 bases 

(B) TYPE: nucleic acid 
35 (C) STRANDEDNESS: double 

(D) TOPOLOGY: linear 
(ii) MOLECULE TYPE: genomic DNA 
(vi) ORIGINAL SOURCE: 

(A) ORGANISM: Brevibacterium lactofementun 

(B) STRAIN: ATCC 138 69 
(ix) FEATURE: 

(A) NAME/ KEY : CDS 

(B) LOCATION: 879.. 2174 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 30: 

GAT CAGCTT C GGGTGTTGAA GGGGCCGAAT AAGGAACTCG CGCAGTTGGG TCGTAGTTTG 60 

45 TTTAAACGAC TTGGTGATGT GTTGGCGTAT TTCGATGTTG GTGTCTCCAA CGGTCCGGTC 12 0 

GAAGCGATCA ACGGACGGTT GGAGCATTTG CGTGGGATTG CTCTAGGTTT CCGTAATTTG 18 0 

AACCACTACA TTCTGCGGTG CCTTATCCAT TCAGGGCAGT TGGTCCATAA GATCAATGCA 24 0 

CTCTAAAACA GGAAGAGCCC CTTTACAAGC GGCAAGACCA AACTGGGTGA CCGAAAATCT 300 

TCAGGCCAAT CAGTTTTGGT CAT AT GGGAT GGTTTTTAGA CCTCGAAACC AT C C CAT AT G 360 

ACCGAAGCCC GCGAAACTCT GTGTTCGTTG GTCGCCTGGT TCGGTCTCAA TGCCTTGCCG 42 0 

SO AAACCACAAC GCCCCGAAAC CCAAAACTCC CCAATACATG AAAAAACCAG CTTCCCACCG 48 0 

AAGT GAGAAG CTGGTTTAGT TTGCGGAGGA TAGGGGATTT GAACCCCTGA GGGATTGCTC 54 0 

CCAACCCGCG TTCCAGGCGA GCGACATAGG CCGCTAGTCG AATCCTCCAG CTAGAACGGC 600 

TGCAACGCAT GGCTGCTTTG TTCTGGGGAT TAGATTACAC AAAAGTCGTT TAGAAACTCA 660 
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AATCCGCTCG CAGTTGGCGT TTTCTGGGGC GGTTCAGCTA GAGTTATGCG AAGGATCCCG 720 

TGCGGCGTTT ATCTTGTGAA CTCCCCCAGG GCAGGAATGC AGCAAGGGTC AGCGAGCTCT 780 

GACGGGTGCG CGGGGTCCCC TAAAACGTCT AGAGTAGTGG CTTGAGGTCA CTGCTCTTTT '340 

TTTGTGCCCT TTTTTTGGTC CGTCTATTTT GCCACCAC ATG CGG AGG TAC GCA 3 93 

Met Arg Arg Tyr Ala 



w 



15 



25 



30 



40 



45 



GTT 


ATG 


AGT 


TCA 


GTT 


TCG 


CTG 


CAG 


GAT 


TTT 


GAT 


1 

GCA 


GAG 


CGA 


ATT 


5 

GGT 


941 


Val 


Met 


Ser 


Ser 


Val 


Ser 


Leu 


Gin 


Asp 


Phe 


Asp 


Ala 


Glu 


Arg 


He 


Gly 
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CTG 


TTC 


CAC 


GAG 


GAC 


ATT 


AAA 


CGC 


AAG 


TTT 


GAT 


GAG 


CTC 


AAG 


TCA 


AAA 


989 


Leu 


Phe 


His 


Glu 


Asp 


He 


Lys 


Arg 


Lys 


Phe 


Asp 


Glu 


Leu 


Lys 


Ser 


Lys 
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AAT 


CTG 


AAG 


CTG 


GAT 


CTT 


ACT 


CGC 


GGT 


AAG 


CCT 


TCG 


TCG 


GAG 


CAG 


TTG 


1037 


Asn 


Leu 


Lys 


Leu 


Asp 


Leu 


Thr 


Arg 


Gly 


Lys 


Pro 


Ser 


Ser 


Glu 


Gin 


Leu 
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GAT 


TTC 


GCT 


GAT 


GAG 


CTG 


TTG 


GCG 


TTG 


CCT 


GGT 


AAG 


GGC 


GAT 


TTC 


AAG 


1085 


Asp 


Phe 


Ala 


Asp 


Glu 


Leu 


Leu 


Ala 


Leu 


Pro 


Gly 


Lys 


Gly 


Asp 


Phe 


Lys 
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GCT 


GCG 


GAT 


GGT 


ACT 


GAT 


GTC 


CGT 


AAC 


TAT 


GGC 


GGG 


CTG 


GAT 


GGC 


ATT 


1133 


Ala 


Ala 


Asp 


Gly 


Thr 


Asp 


Val 


Arg 


Asn 


Tyr 


Gly 


Gly 


Leu 


Asp 


Gly 


lie 
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85 




GTT 


GAT 


ATT 


CGT 


CAG 


ATT 


TGG 


GCG 


GAT 


TTG 


CTG 


GGT 


GTT 


CCT 


GTG 


GAG 


1181 


Val 


Asp 


He 


Arg 


Gin 


He 


Trp 


Ala 


Asp 


Leu 


Leu 


Gly 


Val 


Pro 


val 


Glu 
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100 






CAG 


GTG 


CTG 


GCG 


GGG 


GAT 


GCT 


TCG 


AGC 


TTG 


AAC 


ATC 


ATG 


TTT 


GAT 


GTG 


1229 


Gin 


Val 


Leu 


Ala 


Gly 


Asp 


Ala 


Ser 


Ser 


Leu 


Asn 


lie 


Met 


Phe 


Asp 


Val 
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ATC 


AGC 


TGG 


TCG 


TAC 


ATT 


TTT 


GGT 


AAC 


AAT 


GAT 


TCG 


GTT 


CAG 


CCT 


TGG 


1277 


He 


Ser 


Trp 


Ser 


Tyr 


He 


Phe 


Gly 


Asn 


Asn 


Asp 


Ser 


val 


Gin 


Pro 


Trp 
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130 










TCG 


AAG 


GAA 


GAA 


ACT 


GTT 


AAG 


TGG 


ATT 


TGT 


CCT 


GTT 


CCG 


GGA 


TAT 


GAT 


1325 


Ser 


Lys 


Glu 


Glu 


Thr 


Val 


Lys 


Trp 


He 


Cys 


Pro 


Val 


Pro 


Gly 


Tyr 


Asp 
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145 












CGC 


CAT 


TTC 


TCC 


ATC 


ACG 


GAG 


CGT 


TTC 


GGC 


TTT 


GAG 


ATG 


ATT 


TCT 


GTG 


1373 


Arg 


His 


Phe 


Ser 


lie 


Thr 


Glu 


Arg 


Phe 


Gly 


Phe 


Glu 


Met 


He 


Ser 


Val 
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155 










160 
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CCA 


ATG 


AAT 


GAA 


GAC 


GGC 


CCT 


GAT 


ATG 


GAT 


GCT 


GTT 


GAG 


GAA 


TTG 


GTC 


1421 


Pro 


Met 


Asn 


Glu 


Asp 


Gly 


Pro 


Asp 


Met 


Asp 


Ala 


Val 


Glu 


Glu 


Leu 


Val 
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GAT 
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CAG 


GTT 


AAG 


GGC 


ATG 


TGG 


GTT 


GTG 


CCG 


GTA 


TTT 


TCT 


AAC 


1469 


Lys 


Asp 


Pro 


Gin 


Val 


Lys 


Gly 


Met 


Trp 


Val 


Val 


Pro 


Val 


Phe 


Ser 


Asn 
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CCG 


ACT 


GGT 


TTC 


ACG 


GTG 


TCG 


GAG 


GAC 


GTC 


GCA 


AAG 


CGT 


CTG 


AGC 


ACG 


1517 


f ro 


i n r 


G±y 
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Thr 


val 


Ser 


GlU 
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Val 


A_a 


Lys 


Arg 


Leu 


Ser 


Thr 
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ATG 


GAA 


ACT 


GCG 


GCG 


CCG 


GAC 


TTC 


CGC 


GTG 


GTG 


TGG 


GAT 


AAC 


GCT 


TAC 


1565 


Met 


Glu 


Thr 


Ala 


Ala 


Pro 


Asp 


Phe 


Arg 


Val 


Val 


Trp 


Asp 


Asn 


Ala 


Tyr 
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GCC 


GTT 


CAT 


ACT 


CTG 


ACC 


GAT 


GAG 


TTC 


CCT 


GAG 


GTC 


ATC 


GAC 


ATC 


GTT 


1613 


Ala 


Val 
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Thr 
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Thr 
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Val 


He 


Asp 


lie 


Val 
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CTT 


GGT 
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GCG 


GCG 


GGT 


AAC 
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AAC 


CGT 
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TGG 


GCG 


TTC 


ACT 


1661 
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Gly 
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Ala 
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Arg 
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Trp 


Ala 


Phe 
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TCT 


ACT 


TCG 


AAG 


ATC 


ACT 


CTC 


GCG 


GGT 


GCG 


GGC 


GTG 


TCC 


TTC 


TTC 


ATG 


1709 


Ser 


Thr 


Ser 
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He 


Thr 
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Ala 
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Ala 


Gly 


Val 


Ser 
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Phe 


Met 
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275 








ACT 


TCT 


GCG 
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AAC 


CGT 


AAG 


TGG 


TAC 


TCC 


GGT 


CAT 


GCG 


GGT 


ATC 


CGT 


1757 
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Thr ser Ala Glu Asn Arg Lys Trp Tyr Ser Gly Kis Ala Giy lie Arg 

285 "*90 
CGC ATT GGC CCT AAC AAG GTC AAT CAS TTG GCT CAT GCG CG7 TAC TTT 

Gly xle Gly Pro Asn Lys Val Asn Gin Leu Ala His Ala Arg Tyr Phi 

GGC GAT GCT GAG GGA GTG CGC GCG GTG ATG CG^ far r-- 

Gly Asp Ala Glu Gly Val Arg Ala vll~ MeJ Arg £s H^s £I J£ ler 

T Iu MG GTT CTG GAG ™ CTG GAT TCT CGC III 

-eu Ala Pro Lys Phe Asn Lys Val Leu Glu He Leu Asp Ser lT g HI 

£T Gl! GGT GTC GCG TGG ACT GTC CCT GCG GGC GG" HI TTC 

Ala Glu iyr Gly val Ala Gin Trp Thr Val Fro Ala Gly Gly iyr 

ATT TCC CTT GAT GTG GTT CCT GGT III GCA TCT CGT GTG GC~ GAG TTG 
He ser .eu Asp Val Val Pro Gly Thr Ala Ser Arg Val La Glu ™ 

GCT AAG GAA GCC GGC ATT GCG TTG ACG GGT GCG GGT TCT TCT TAC CCr 
Ala Lys Glu Ala Gly He Ala Leu Thr Gly Ala Gly III Se'r Tyr Pro 

CTG CGT CAG GAT CCG GAG AAC AAG AAC CTC CGT III GCG CCT T C - CTG 
Leu Arg Gin Asp Pro Glu A*n Lys Asn Leu Arg Leu Ala Pro Ser lIu 

Pro l" £7 ^ ™ ™ ™ ? CC «G GA? GGC GTG GCT ACG TGT 



425 



430 



ATTG GATTAAC CGT TTGCTGCCGG GTCAGCCGGA GTTTCACCAG GTTCGCrccT 
ll^ TGGC GGGTTACACG CTTGATGATG AGTCAATTGC CTGTTC^S? S^TCGGGC 
30 GCGTCAACAC GGGCCTGGTC ACCGAGACAG GCGCGGAAAC CGTCGATG"G ct^™ 

TTTTGAGCCT GGCCAGGGCC GACGTGTCCG TGCCTGGGCG C^C^G^ G^SSS 
TGCATGCCCA SSSS """^ "*™ £S££S 

(2) INFORMATION FOR SEQ ID NO: 31: 
55 (i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 432 amino acids 

(B) TYPE: amino acid 
<D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: protein 

<xi) SEQUENCE DESCRIPTION: SEQ ID NO * 3^- 
Met Arg Arg Tyr Ala Val Met Ser Ser Val Se/'leu Gin Asp Phe Asp 

Ala Glu Arg lie Gly Leu Phe His Glu Asp He Lys Arg Lys Pn~e Asp 

Glu Leu Lys Ser Lys Asn Leu Lys Leu Asp Leu Thr Arg Gly Lys Pro 

Ser Ser Glu Gin Leu Asp Phe Ala Asp Glu Leu Leu Wa Leu Pro Gly 

Lys Gly Asp Phe Lys Ala Ala Asp Gly Thr Asp vtl Arg Asn Tyr Gly 

Gly L eu Asp Gly lie VaJ Asp Ile Arg Gin i" Trp Ala Asp Leu Leu 

Gly val Pro Val Glu Gin Val Leu Ala G Iy Asp Ala Ser Ser dl Asn 

He Met Phe Asp Val He Ser Trp Ser Tyr lie Phe Gly L'n Asn Asp 



18G5 



1853 



19G1 



1949 



1997 



2045 



2093 



2141 



Pro ,„ v.! olu „„ L«„ oiu y.l H« ^ £J £T SI ?£ If. 

"I s s: s si s s: s s ST i£ ™ =T3 " T 



2254 
2314 
2374 
2434 
2494 
2517 
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115 120 12 5 

Pr ° TrP SCr LyS Glu Glu Thr Val Trp He Cys Pro 

130 135 14Q 

Val Pro Gly Tyr Asp Arg His Phe Ser lie Thr Glu Arg Phe Gly Phe 

150 155 160 

Glu Met He Ser Val Pro Met Asn Glu Asp Gly Pro Asp Met Asp Ala 

I 65 170 17 5 

Val Glu Glu Leu Val Lys Asp Pro Gin Val Lys Gly Met Trp Val Val 

180 185 190 

Pro Val Phe ser Asn Pro Thr Gly Phe Thr Val Ser Glu Asp Val Ala 

195 zoo 205 

Lys Arg Leu Ser Thr Met Glu Thr Ala Ala Pro Asp Phe Arg Val Val 

210 215 220 

Trp Asp Asn Ala Tyr Ala Val His Thr Leu Thr Asp Glu Phe Pro Glu 

230 235 
Val lie Asp He Val Gly Leu Gly Glu Ala Ala Gly Asn Pro Asn Arg 

243 250 255 

Phe Trp Ala Phe Thr Ser Thr Ser Lys He Thr Leu Ala Gly Ala Gly 

260 265 270 

Val Ser Phe Phe Met Thr Ser Ala Glu Asn Arg Lys Trp Tyr Ser Glv 
275 280 285 

Gly 116 Ar9 Gly 116 Gly Pro Asn Lvs Val Gin Leu Ala 

290 295 300 

His Ala Arg Tyr Phe Gly Asp Ala Glu Gly Val Arg Ala Val Met Arg 

JUj 310 315 

Lys His Ala Ala Ser Leu Ala Pro Lys Phe Asn Lys Val Leu Glu He 

325 330 335 

Leu Asp ser Arg Leu Ala Glu Tyr Gly Val Ala Gin Trp Thr Val Pro 

340 345 35Q 

Ala Gly Gly Tyr Phe He Ser Leu Asp Val Val Pro Gly Thr Ala Ser 

355 360 365 

Arg Val Ala Glu Leu Ala Lys Glu Ala Gly He Ala Leu Thr Gly Ala 
„. 370 375 380 

Gly Ser Ser Tyr Pro Leu Arg Gin Asp Pro Glu Asn Lys Asn Leu Arg 

r 390 39 5 400 

Leu Ala Pro Ser Leu Pro Pro Val Glu Glu Leu Glu Val Ala Met Asp 

405 -no 415 

Gly Val Ala Thr Cys Val Leu Leu Ala Ala Ala Glu His Tyr Ala Ser 
420 425 430 



Claims 



1. A recombinant D NA autonomously replicable in cells of coryneform bacteria, comprising a DNA sequence coding 

££££?T '"Ht!?^^ inhibiti ° n by L '' ySine and L - threonine is **stantia lly deseSit ^ TSZ 
sequence cod.ng tor a d.hydrod.picol.nate reductase, a DNA sequence coding for dihydrodipicolinate synthase a 
DNA sequence cod.ng for daminopimelate decarboxylase, and a DNA sequence coding for aspartate 222 aris 



The ecomb.nant DNA according to claim 1. wherein said aspartokinase in which feedback inhibition by L-lysine 
and L-threonine .s substantially desensitized is an aspartokinase originating from coryneform bacteria and 

SETrS aSpar, ° kin ^ e f iS 3 mU,am in whi <* «• amino acid residue Jresponding to a 27^ 

alanine resrdue as counted from ,ts N-terminal in the amino acid sequence shown in SEQ ID NO 5 is changed into 
an am.no acd residue other than alanine and other than acidic amino acid in its «-subunit. ar«i an ami^o acS el 

SEQ^nTt T a T a ' anine r6SidUe 35 C ° Urted fr ° m " S N - ,er ™ a ' in the amino acid sequence shotn n 
subuni? 9 an amin ° feSidUe ° thef ,h3n a ' anine and ° ,her than acidic ^id in its p- 
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t. The recombinant DNA according to claim 1. wherein said DNA sequence coding for the dihydropicolinate reduct- 
ase codes for an amino acid sequence shown in SEO ID NO: 1 5, or an amino acid sequence substantially the same 
as the amino acid sequence shown in SEQ ID NO: 15. 

The recombinant DNA according to claim 1 . wherein said DNA sequence coding for the dihydropicolinate synthase 
codes for an amino acid sequence shown in SEQ ID NO: 1 1. or an amino acid sequence substantially the same as 
the amino acid sequence shown in SEO ID NO: 1 1 . 

The recombinant DNA according to claim 1 , wherein said DNA sequence coding for the diaminopimelate decarbox- 
ylase codes for an amino acid sequence shown in SEQ ID NO: 19, or an amino acid sequence substantially the 
same as the amino acid sequence shown in SEQ ID NO: 19. 

. The recombinant DNA according to claim 1, wherein said DNA sequence coding for the aspartate aminotrans- 
ferase codes for an amino acid sequence shown in SEQ ID NO: 24 or 31 , or an amino acid sequence substantially 
the same as the amino acid sequence shown in SEQ ID NO: 24 or 31 . 

. A coryneform bacterium harboring an aspartokinase in which feedback inhibition by L-lysine and L-threonine is 
substantially desensitized, and comprising an enhanced DNA sequence coding for a dihydrodipicolinate reductase, 
an enhanced DNA sequence coding for dihydropicolinate reductase, an enhance DNA sequence coding for dihy- 
dropicolinate synthase, an enhanced DNA sequence coding for diaminopimelate decarboxylase and an enhanced 
DNA sequence coding for aspartate aminotransferase. 

The coryneform bacterium according to claim 7, transformed by introduction of the recombinant DNA as defined in 
claim 1. 

. A method for producing L-lysine comprising the steps of cultivating said coryneform bacterium as defined in claim 
8 in an appropriate medium to allow L-lysine to be produced and accumulated in a culture of the bacterium, and 
collecting L-lysine from the culture. 

0. A DNA coding for a protein comprising an amino acid sequence shown in SEQ ID NO: 31 . 

1. The DNA according to claim 10. which comprises a nucleotide sequence of nucleotide number 879 to 2174 in a 
nucleotide sequence shown in SEQ ID NO: 30. 

2. A vector pVK7. which is autonoumously replicable in cells of Escherichia coli and Brevibacterium lactofermentum . 
and comprising a multiple cloning site and lacZ' . 
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